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In 1937 Arcos developed the titania 
type of coating for AC welding with 
chrome-nickel electrodes. Until re- 
cently, Arcos had less confidence in 
the quality of the weld metal from the 
titania type electrodes than in the weld 
metal from the lime type (Chromend) 
electrodes. Arcos has now overcome 
the weld metal defects formerly en- 
countered with the titania type of coat- 
ing and offers with confidence its Stain- 
lend type of electrodes for AC welding 
(suitable also for DC). 


CORPORATION 


401 NORTH BROAD ST., PHILADELPHIA &, PA. 


NLEND 


STAINLEND OR CHROMEND FOR DC? 


When welding with direct current, the 
type of electrode (lime or titania) best 
suited for a particular job depends 
upon a number of factors. Contact 
your Arcos Distributor who will be 
glad to give you a definite recommen- 
dation to assist you in your decision 
as to whether Stainlend or Chromend 
should be used for DC welding. 

Always specify Stainlend for AC 
welding. Samples are available on 
request. 


Distributors Warehouse Sgocks in the Following Cities: 


Baton Rouge. La.... Wm. D. Seymour Co 


Honotutu, Hawall. . Hawatian Gas Products, Ltd. Pampa, Texas Hart Industrial Supply Co 
Borger, Texas Hart Industrial Supply Co Houston, Texas. Champion Rivet Co. of Texas Pittsburgh, Pa. Williams & Co., Inc 
Boston, Mass. H. Boner & Co., Inc. Kansas City. Mo.. Welders Supply & Repair Co. Portiand, Ore. & 
Buffalo, N. Y. Root. Neal & Co Kingsport, Tenn... Slip-Not Belting Corp Rochester, N.Y... . Welding Supply Co 
Chicago, ttl. Machinery & Weider Corp Los Angetes, Calif... Victor Equipment Co San Diego, Catit. Victor Equipment Ce 
Cincinnati, Onie Williams & Co., Ine. Milwaukee, Wis. ...Machinery & Welder Corp San Francisco, Calif. Victor Equipment C« 
Cleveland, Onio .. Willlams & Co., Inc Moline, tt. ..Machinery & Welder Corp. Seattic, Wash.... J. E. Haseltine & Co 
Columbus. Ohio Williams & Co., Ine Montreal,Canada. G.D.Peters &Co.of Canada. Lid. St. Louis, Mo. «..Machinery & Welder Corp 
Setrett, Michigan C. & Co.. Ine New Orteans, La. Wm. D. Seymour Co. Syracuse, N.Y. Welding Supply Co 
Erie, Penna. . Boyd Welding Co New York, N. Y. A H. Boker & Co.. Inc. Tulsa, Oklahoma Hart Industrial Co 
Cait. Victor Oklahoma City, Okta.. Hart Industrial Supply Co Wichita, Kansas . Watkins, Inc 


Ft. Wayne, tnd..Wayne Welding Sup. Co.. Inc. 
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Try ‘em and you'll 
prefer them. 


HOBART 


A Better Rod for Every Purpose 
Hobart laboratories moke rods tor 
each specific job. lt is tested—im- 

| proved — periected — order Hobart 
Electrodes and youl! under 

stand why they re the choice 

Pe, of those who want quality. 

Write for your price list. 


\Descgn FOR ARC WELDING! 


This book will help you immensely! 

4 Over 100 Practical and Proven ideas 
that have solved design problems 
for others. It can save you $350 
many times its cost. Only 


Postpaid 
Sample Pages Sent FREE 
on request! 


LEP BUYING 
WAR / 


because of the innumerable feats 
Pe that have been accomplished with 
<—~/are welding . . . increased ship pro- 
duction...increased tank production 
increased gun production... 
and increased production of thou- 
sands of other pieces of equipment 
that bring “VICTORY” closer. Plan 
now for the largest reconversion 
JOB the world has ever known! Get 
ready for the light to change! Let 
WELDED DESIGN be your first gear 

. » » let Hobart “SIMPLIFIED” Arc 
Welders be your second gear... 
and your third gear will be smooth 
flowing production of stronger, 
lighter, better looking products at 


the lowest possible cost. 


HOBART BROS. CO., Box WJ-124 TROY, O. 
One of the World's Largest Buliders of Arc Welders'' 


Free... this hand) 

VEST POCKET WELDER'S GUID! 
send for your copies today 
0 Check How Many 


Please send me items checkec 
below, without obligation. 


[) Complete Welding Equipment Catalog. 
() Sample Pages. ‘Practical Design for Arc Welding.’ 
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Oxyacetylene Pressure Welding 


By A. R. Lytle’ 


Abstract 


HIS paper describes the technical and mechanical 

aspects of a new method of welding known as 

oxyacetylene pressure welding. In this process 
which may be fully or partially mechanized, the speci- 
mens are butted under nominal pressure, heated by 
means of multiple small oxyacetylene flames to a tem- 
perature of about 1200" C. and upset to a controlled 
The process possesses many special advantages 
over currently used mechanized welding methods among 
which are: adaptability to high-carbon and alloy steels, 
which are welded with difficulty by fusion welding 
methods, smoothness and uniformity of the completed 
weld, short welding time and relatively low unit cost. 
The physical properties of these pressure welds are 
excellent. The process is being widely used for welding 
railroad rails, overland pipes from 2 to 24 in. in di- 
ameter, oil well tool joints, small liquefied gas tanks, 
boiler tubes and many other commercial welding opera- 
tions. 
Within the past few years, there has been made avail- 
able to the welding industry a new patented semiauto- 
matic welding process known as ‘“‘Oxyacetylene Pressure 
Welding.’ Several articles' have already been published 
in the technical literature describing in general terms 
the application of the process for butt welding railroad 
rails, welding overland pipe lines varying from 6 to 16 
in. in diameter, and the fabrication of aircraft landing 
gear, and the results of detailed tests of some pressure 
welds have been described in other technical articles.” 
These applications, as well as a considerable number of 
others that have not been publicized as yet, are in success- 
ful commercial use, and many thousands of welds attest 
the excellence of the welded product. Experience with 
welding railroad rails and continuous overland pipe has 
demonstrated that the process can be applied equally 
as satisfactorily in the open country as in the shop. 
Since the process has been described only in very general 
terms, it is the purpose of this article to give an account 
of the industrial status of the process and to present 
physical test data on welds actually made in commercial 
installations as well as some that are still in the labora- 
tory stage. A theoretical discussion dealing with the 
metallurgical and physical phases of this type of welding 
is included in this year’s Comfort A. Adams’ Lecture. 
_Oxyacetylene pressure welding differs from  prac- 
tically every other current welding process in that the 
weld is made, not in the liquid phase, but by coalescence 
of grains across the weld interface at subfusion tem- 
peratures under the influence of controlled temperature 
and pressure. The weld is accomplished by abutting 
the clean square faces of the two sections to be welded 
under moderate pressure, and heating the weld zone by 
one or more oxyacetylene flames to a uniform tem- 
perature of about 1200-1250° C. (2192-2282° F.) until 
upsetting at the joint occurs. The completed joint has 


degree. 


* Presented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, Ohio, 
Oct. 16-19, 1944. 


. non Carbide and Carbon Research Laboratories, Inc., Niagara Falls, 
y 


Fig. 1—Photograph of a Group of Oxyacetylene Welds in 

1 In. and 1'/,-In. Diam. Bars. This Shows the General Con- 

tour of the Upset Zone and the Clean Smooth Condition After 
Welding 


a definite bulge or upset at the weld, varying in height 
with the thickness of the metal welded. The bulge is 
characterized by smooth, well-rounded fillets. The 
process is ideally adapted to semiautomatic or fully 
automatic operation and thus is capable of a high degree 
of uniformity. Figure 1 illustrates a group of pressure 
welds in 1l-in. diameter bar stock showing the general 
appearance of welds made by this method. 

As can be deduced from this schematic description of 
the process, the apparatus for pressure welding com- 
prises equipment for applying end pressure, suitable 
welding heads designed to provide uniform and con- 
trolled heating, and the necessary indicating and meas- 
uring devices for regulating the process throughout its 
cycle of operation. 


Pressure Equipment 


The type of pressure equipment depends almost en- 
tirely on the shape of the specimen and the location of 
the weld. Some operations require rather complex 
equipment, whereas for others a simple press is entirely 
suitable. For joining long members such as railroad 


rails and overland pipe, presses equipped with side 
clamping jaws are necessary, and several different types 
of these clamps have been designed and are in current 
use. However, in many operations plain end pressure 


is permissible. Both types, of course, should be sup 
plemented by proper guidance to prevent misalignment. 
Experience has shown that hydraulic or fluid pressure 
equipment is almost ideal for this purpose, as it is readily 
variable, is subject to mechanical as well as manual 
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Fig. 2—-Multiple-Flame Heads Designed for Pressure Welding of 
Railroad Rail 
It will be noted that the flames directed downward on the top 
surface of the rail are of uniform size, whereas the flames directed 
against the side, the web, and the base of the rail are proportioned 
to the thickness of the corresponding metal against which they 
impinge. 


control, and will maintain pressure regardless of ex- 
pansion or contraction of the specimens being welded. 
The capacity of the pressure equipment, of course 
would depend upon the size of the work. Most pressure 
welding now being done is carried out at pressures of 
from 2500 to 4000 psi. of abutting surface. Welds can 
be made with the pressure as low as 1500 psi. but up- 
setting at this pressure is rather. slow. For welding 
steels that have high strength at high temperatures, 
such as the chromium and chromium-nickel steels, the 
unit pressures may be as high as 4500 psi. This would 
be expected from the physical properties of these alloys. 


Blowpipe Equipment 


As has been indicated in the foregoing, uniform and 


controlled local heating is one of the essenti 
ments for successful pressure welding. 


al require 
It is 
that the heat supply be proportioned to the dime 
of the specimen being welded so that the rate 
perature rise is uniform throughout the section, 
necessary to bring the interior of the specimen { to the 


nsions 
Ol tern. 


iS it 


welding temperature without overheating the exter) 
surface. For practical purposes, the requirements oj 
uniform and controlled heating are best secured }, 
tiple small oxyacetylene flames such as are widely used 
for flame-hardening operations. This type of heating 
permits a wide latitude in the balancing of local heat Ne 
put with the heat requirements at that particular point 
In practically every application, heating flames are ¢j 
rected against one side only, the exception being son, 
cases of very heavy-walled tubing for which econom) has 
favored application of heat to both sides. 


Figure 2 is a photograph of a combination of multiple. 
tip blowpipes that has been dev eloped for pressure weld- 
ing of standard railroad rail. This is an excellent ey. 
ample of the adaptability of such multiple-tip apsten.an 
to sections of various thicknesses and irregular contour 
The head of a rail is about : 2°/, in. wide and 1'/, in 
deep, the web about °/, in. thick, and the base tapers 
from a maximum of 1 in. to '/2 in. in thickness. How 
ever, by the proper choice, size and position of insert 
tips directed toward the various parts of the rail, the 
rate of heat input has been proportioned so that all 
points of the rail section reach the welding temperatur 
at practically the same time, and at no point is ther: 
under- or overheating. In cases of uniform sections 
such as pipe or bar stock, the welding head would contai 
a series of tips with the same drill size or have a series of 
orifices drilled in the face of a ring or other suitab! 
shaped heating head. 

In most instances it has been found advisable to keep 
the blowpipe in motion in respect to the metal. In some 
cases of cylindrical objects such as tubes, the material 
may be caused to rotate with the blowpipe stationary 
or the welding head may be given a slight circumferential! 
oscillation. By moving the welding head back and forth 
across the interface, it is possible to heat the desired width 
of zone with a blowpipe of smaller dimensions than would 
be necessary if the entire width of heated zone was co\ 
ered with stationary welding flames. Moving the blow- 
pipes also permits the use of larger heating flames with 
consequent economy in welding cost, due to reductioi 
in time required for welding and reduced loss of heat by 


BRINELL HARDNESS NUMERAL 


| 


1 i 
DISTANCE FROM CENTER OF WELD IN INCHES 


Fig. 3—Brinell Hardness Survey Across a’Pressure Weld in the Head of a 112-Lb. RE. Railroad Rail in the 
As-Welded Condition 


This shows a slight increase in hardness in the weld zone, due probably to increased grain size, and a slightly 


softened zone at the end of the heat effect due to subcritical annealing. 


The width of this heat-affected zon¢ 


indicates the mildness of the temperature gradient in pressure welding. 
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onduction. One instance in particular in which move- Types of Joints 
t of the flames is especially advantageous is in the 
welding of rail steel. This high-carbon material is very The pressure-welding method is ideally adapted to 


ntible to burning, and the area immediately under butt welding in which the opposing faces are practically 


met 


, burned spot would be unsuited for use in service. In the same in size and shape. In pressure welding mem- 
‘his particular operation, the blowpipes are moved to bers of different thicknesses, recourse is usually had to 


nd fro just sufficiently to prevent the formation of a tapering the larger section to the same dimension as the 
one of melted metal under the heating flames. smaller to provide equal thickness at the joint. In the 


DISTANCE FROM CENTER OF WELD IN INCHES 


Fig. 4—Brinell Hardness Survey Across a Pressure Weld in the Head of 112-Lb. R.E. Railroad Rail After 
Torch Normalizing at 870—90° C. 


The hardness in the weld zone has been restored to that of the original rail. By normalizing a zone wider 
than the previous weld affected zone, the relatively soft band on each side of the weld has been removed; its in 


olace is a new annealed zone which is only slightly softer than the unaffected rail metal. 


| GRADE D DRILL PIPE 


4 


SAE #3140 TOOL JOINT 


ROCKWELL 


| 
5 2 1 WELD 1 2 3 L, 5 
INCHES FROM INTERFACE INTERFACE INCHES FROM INTERFACE 


Fig. 5—Rockwell Hardness Surveys Through a Torch-Normalized Pressure Weld Joining S.A.E. 3140 Tool 
Joint to Grade D Drill Pipe 

This shows a relatively uniform hardness pattern throughout the weld affected zone with no appreciable 

ncrease or decrease in hardness as a result of the welding and normalizing operatior 


Fig. 6—Tensile Test Specimen After Testing 


[his specimen was prepared from pressure-welded liquefied gas cylinders. This specimen was obtained 
‘ircumferentially at the weld, and the weld zone extends lengthwise through the center of the tensile specimen. 
As the gage length of the specimen was 8 in., a considerable extent of the weld was tested. The reinforcement 
was removed on both the top and the bottom before testing. Physical properties of this specimen were as follows: 
Lb. per Sq. In. 
Yield Point Tensile Strength % El. in 8 Inches 
33,100 54,300 24.5 


At no point in the specimen was there any evidence of premature weld failure. 
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as upon proper control depend the consistency an qual. Grai 
ity of the welds produced. To understand the contr) How 
methods it is necessary to understand the entire weldin, 
procedure. Two techniques which differ only mecha, 


ically have been evolved for this welding. In one th, 
procedure is practically as follows: The ends to fg 
welded are machined to a fairly smooth, clean finish 
The necessary quality of end preparation depends pri- 
marily on the composition of base metals being welded 
For average low-carbon steels, the principal requirement 
is cleanliness, as very satisfactory welds have been made 
iy : : 2 on a production basis with a rather poorly mating joint, 
of geod quality prssure weld, but for the higher earbon and more particularly the al 
the smooth contour of the upset metal. steels, close mating as well as cleanliness is required, 
These faces are usually cleaned with acetone or other 
present state of this art, the most important point to tease solvent and butted together under a nominal 
consider in regard to the shape being welded is whether Pressure of about 500 psi. The opposing pieces are 
it can be adequately heated by a series of oxyacetylene mned up carefully, after which the full pressure of about 
flames without interfering with the application of pres- 7200 Pst. 1s applied. The blowpipes are lighted and 
oure. adjusted to previously determined gas pressures, and are 
started reciprocating across the joint. A relief valve in 

the pressure line is usually installed to compensate for 

Control thermal expansion and to hold the pressure constant 
as the temperature at the joint rises. After a temper- 

The method used to control the quality of the weld ature of about 900° C. is reached, the metal starts to 
obtained by this process is obviously of great interest upset gradually. The process continues with the speci- 


Fig. 7—A Pressure Weld in '/;-In. Thick Boiler Plate 


Fig. 8—A Vertical Longitudinal Section Through a Pressure Weld in 112-Lb. R.E. Rail Head After Torch 
Normalizing and Grinding to Original Contour. The Weld Was in the Center of the Area Shown 


Table 1—Tensile Properties of Pressure Welds in Typical Alloys and Applications Reinforcement Removed from 
Weld in All Cases 


Approx. Lb. per Sq. In. Bend 
Dimensions Heat Yield Tensile QE. % Red. El. 
Material of Weld Treatment Point Strength in2in. of Area '/; In. Tensile Fracturt 
Wrought iron links 3/, in. diam. A.W.* Total load, 43,000T Shear break 
Overland pipe 6 in. diam. x E 
wall A.W. 35,000 62,300 fe Flat Base metal 
0.10% C deep-drawn 15 in. diam. 
steel shells x '/s-in. wall A.W. 27,200 48,300 23.8 aca Flat Base metal 
Reinforcing bars S.A.E. 
1030 2 in. square A.W. 36,000 72,400 eis eens Sista Base metal 
S.A.E. 1045 1!/,in. diam. A.W. 65,000 104,000 Base metal 
1'/,in. diam. 64,000 98,000 Base metal 
0.80 C rail steel 112 Ib. rail T.N. 61,450 130,250 14.8 20 Base metal 


l 
0.90 C steel spring 3 in. x 3/, in. Orig. 126,000 186,600 3.0 4.7 pode Base metal 
leaves P.W.& H.T. 125,000 190,800 11.3 19.1 Base metal 
Tool joints 5 in. diam. x 


5/s-in. wall T.N. 69,400 105,900 33% Drill pipe 
Stainless steel to nickel 
alloy Bars A.W. 37,800 95,700 26.3 35.9 20% Stainless steel 
N.E. 8630 1/,-in. plate A.W. 70,900 103,600 Base metal 
Shear blades 12% Cr 
steel to low-carbon 
steel 1/s-in. x 6 in. A.W. 32,200 58,900 In low-carbon st 
18Cr-—S8Ni Cb 1!/,-in. bars A.W. 31,700 84,700 39.8 53.8 Weld 
S.A.E. 4340 1/,-in. plate me.” 186,500 200,100 Base metal 
*A.W. = As-welded—reinforcement removed. 
T.N. = Torch-normalized. 
H.T. = Furnace heat-treated. 
+ Hand-welded links average 33,000 Ib. total load with shear fracture. 
19. 
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fig. ¢-—Pressure Weld in S.A.E. 1045 Steel As-Welded. Due Fig. 10—Pressure-Welded S.A.E. 1045 Steel After Furnace 
fo the Temperature at Which Pressure Welding Takes Place, Normalizing at 875° C. The Microstructure Has Been Re- 
qual. hong Growth Has Been Very Pronounced in the Weld Zone. stored to That of the Original Bar but the Original Interface Is 
trol However, the Location — ome Interface Is Indiscern- Not Visible. 100 x 
ible x 
iding 


Fig. 11—A Pressure Weld in Rail Steel. The Grain Size Is Fig. 12—-A Pressure Weld in 112-Lb. Railroad Rail After Torch 
Large Due to the Temperature of the Welding, but the Weld Normalizing, Showing That by This Treatment Small Grain Size 
Interface Is not Detectable. 100 x of the Original Rail Has Been Restored and the Location of the 


Weld Is Not Evident. 100 x 


In These Photomicrographs the Original Interface Extended Vertically Through the Center of the Area 
Shown 
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Fig. 13-—-A Pressure Weld Between the Grade D Drill Pipe on 
the Left and the S.A.E. 3140 Tool Joint on the Right After Torch 
Normalizing. 100 x 


It will be noted that the two alloys merge together and do not 


form a sharp line of demarcation. 


men temperature increasing gradually to a maximum 
of about 1250° C. during which time a predetermined 
degree of upset is produced, after which the flames are 
The pressure may be retained until the 
weld has cooled somewhat in order to avoid possible 
In the alternate and widely 
used method the only important difference is that an 
intermediate pressure is applied to the specimens during 
the heating-up period, and upsetting is accomplished 
by rapidly increasing the hydraulic pressure after a 


extinguished. 


distortion due to handling. 


i Fig. 14—-The Same Area as Shown in Fig. 13 but $t Greater 
Magnification, Showing That the Original Interface Has Been 
Completely Eliminated * the Grains Have Coalesced Across 

t. 500 x 


It should be noted also that there is no decarburization or other 


evidences of the location of the origina! interface. 
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certain time interval or when a certain predetermine, 
temperature of the work has been attained. 

In studying an idealized cycle of this welding process 
it will be seen that the instantaneous temperature of the 
specimen, the rate of temperature rise, time, tota] 46 
flow, and degree of upset with its attendant shortening 
of the specimens are variables. By the same token, the, 
provide values that may be measured and may be used - 
means for indicating the progress of the weld. However 
further consideration from a practical standpoint indicates 
that other factors enter which would lessen the degree oj 
reliance that could be placed on some of these possible 
methods of control. For instance, with work in the 
open or in a drafty shop, the effect of wind or a draft may 
substantially increase the time required to raise the metal 
to a predetermined temperature, or the original tc mper- 
ature of the specimens may vary over a fairly wide rang 
There are also instances in which the flow of gas may by 
irregular. These variations exclude the use of total gas 
consumption or totai time as determining factors for 
completion of the weld. 

Although the quality of pressure welds has been found 
to be most closely associated with maximum tempera. 
ture, the measurement of the surface temperature of a 
specimen under the influence of multiple flames is some. 


as 


| “| 
Beek 
Y2 4 i 
MATERIAL THICKNESS IN INCHES 


Fig. 15—-Chart Showing the Time Required for Pressure Weld- 

ing in Respect to Thickness. The Relationship Is Practically 

Linear and Holds Generally for Most Conditions of Welding 
‘ and for Most Alloys 


what uncertain due to the presence of scale on the surfac: 
and because of the large temperature differential that 
exists in the specimens during the heating cycle. Al 
though these difficulties might be overcome, the measur: 
ments of surface temperature would still be unreliable 
unless multiple points were observed and a wide general 
average obtained. Moreover, in heavy sections, surface 
temperature is not a satisfactory measure of internal 
temperature and it is the internal temperature tha! 
controls the quality of the weld. For thes reasons, 
temperature measurement is not used as a measure of th: 
progress of the welding. 

However, the degree of shortening or amount oi up 
setting of the metal at the joint represents, under com 
ditions of constant unit pressure and heat input, ai 
integration of the elements of time, pressure and average 
specimen temperature, all of which, under conditions 0! 
constant heat input, are closely related, and it has bee" 
found that the amount of upset or the shortening of tl 
specimens is an entirely satisfactory measure o! tle 
progress of the weld. This, of course, holds true whe" 
the width of zone being heated is constant from one weld 
to another. The degree of upsetting is a rather difficult 
thing to measure, as the upsetting occurs immediately 
under the flames. For this reason the amount of shcrt- 
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ening of the specimen has been used in all the unit opera- 
tions developed to date. This method of determining 
the completion of the weld has a further advantage in 
that, if desired, an electrical or mechanical means can 
he set up to shut off the gases and the pressure, and thus 


contribute to the mechanization of the process. 


Metal Compositions Amenable to Pressure Welding 


This new pressure-welding method is free from two 
elements that limit the applicability of fusion-welding 
methods to some metals; namely, the element of fusion 
and the presence of added weld metal. It is undoubt- 
edly true that the molten condition would seem to be the 
ideal state in which to unite two metal parts at their 
junction. However, the act of fusion frequently offsets 
this apparent advantage by seriously impairing the qual- 
ity of the base metal through overheating, burning, 
grain growth or other high-temperature reactions. Me- 
dium- and high-carbon and alloy steels are especially 
sensitive to these high-temperature effects. Most of 


Fig. 16—-A Pressure Welding Machine for Welding Rails 


this is the type of machine in which the specimens must be 
rr } 


i from the side with the end welding pressure applied 
1 such clamps. 


wh a manually operated pump 
ripping pressure as well as that for welding, is supplied by a 
motorized pump. The machine is shown in operation on standard 
112-lb. R.E. rails. 


these reactions, such as burning of high-carbon steel, 
occur only at temperatures close to the solidus and, 
therefore, are difficult to avoid in fusion welds. How- 
ever, in pressure welding the temperature within the 
cross section being welded rarely exceeds 1250° C., and 
therefore the base metal is not subject to the detri- 
mental effects of extremely high temperature. For this 
reason, even high-carbon and alloy steels can be pressure 
welded and the welds will have physical properties equiva- 
lent to those of the original base metals. 

Fusion welds, except the nuggets formed during spot 
Welding, always include added weld metal and therefore 
have a heterogeneous structure. There are instances in 
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Fig. 17—-A Pressure Weld in 112-Lb. Rail in the As-Welded 
Condition, Showing the Size and Relative Contour of the 
Upset Metal in the Head, Web and Base. Final Finishing 
Operations Involve Removal of the Upset Metal from the Top 
and Sides of the Head and from the Edges of the Base by Flame 
Cutting and Grinding 


which weld metal having properties desired in the com- 
pleted assembly cannot be readily obtained in fused 
weld metal, and for this reason some special base metals 
are restricted in their use for construction purposes. 

In the pressure-welding process, the properties of the 
weld are dependent only on the properties of the original 
component metals. In some cases the heat of welding 
modifies by annealing or similar action the original 
physical properties, but these can be readily restored 
by suitable heat treatment. Investigation has been 
made of the adaptability of this process to steels of 
various compositions, and it can be confidently stated 
that the entire range of carbon and both low- and high- 
alloy steels can be pressure welded. Excellent results 
have been obtained commercially in low-carbon pipe and 
boiler plate, medium-carbon bar stock and high-carbon 
rail, drill and spring steel, and equally satisfactory re- 
sults are being regularly obtained on medium-carbon low- 
alloy steels, alloy steels of the stainless type, and, in one 
large operation in particular, on joining stainless type 


Fig. 18—-A Pressure Weld in 131-Lb. R.E. Rail Which Has Been 

Finish-Ground on the Head and Edges of the Base and Sub- 

jected to the Standard Bend Test Used at the University of 
Dlinois for Testing Rails 

This specimen has a deflection of 7.9 in. at the limit of 


the testing 
1achine. The performance of this rail was c 


nac nsidered entirely 


satisfactory. 
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Fig. 19—-Clamp and Blowpipe Equipment Developed for Pres- 
sure Welding of 24-In. Diameter Overland Pipe 

This clamp grips the pipe through one set of clamps and applies 
end pressure through another. Both sets are controlled from the 
accompanying tractor. The annular blowpipe is mounted on the 
frame of the clamp and may be reciprocated manually during 
welding. Similar clamps have been designed for all pipe sizes 
down to 2 in. in diameter. 


steel to a high nickel base alloy. Excellent results have 
also been obtained in the use of this process for welding 
high-speed tools and Stellite to low-carbon steel shanks. 
Some experimental work has indicated fair success with 
aluminum in bar form and there is one pressure-welding 
installation under final test for joining brass. 

The welds in the low-carbon steels and probably in 
some of the low-alloy steels have very good physical 
properties in the as-welded condition. However, some 
of the higher-carbon steels and the medium-alloy steels 
require normalizing to refine the grain structure produced 
during the pressure welding and to restore a better bal- 
ance between tensile strength and ductility. In prac- 
tically every case thus far investigated it has been found 
that torch normalizing serves as an effective means of 
producing the desired improvement in physical prop- 


. ~ ~ 


4 


Fig. 20—-A Pressure Weld in 16-In. Overland Pipe 
This weld was made in the field with a portable pressure welding 
apparatus. It is typical of all such pressure welds which have 
satisfactorily met test and service conditions. 


erties. This torch normalizing can be done with the 
same set of blowpipes with which the welding was ap. 
complished, the gas pressures and time being axjusteg 
to produce the correct normalizing temperature thy 


ugh. 
out the section without local overheating. 
Physical Properties 
Numerous pressure welds have been subjected ¢ 


extensive series of regular physical tests both during 
laboratory development and in testing prior to adoption 
by industry, and the welds have satisfactorily passed ajj 
the specified requirements. As a result of these tests, 
considerable data are available on the physical property 
characteristics of pressure welds. Most of the data 
presented in this section were obtained from tests oj 
commercially produced welded assemblies, and there. 
fore represent the physical properties that can be con 
fidently expected from regular production. There are. 
however, a few data based on laboratory work only. 
but these physical properties should be readily re. 
producible in commercial installations as the welds were 
made with the possibility of commercial use in mind, 
Table 1 is a compilation of tensile and bend test data 


Fig. 21—-A Pressure-Welded Tool Joint in the As-Welded Con- 

dition, Showing the Relative Dimensions of the Specimens 

Welded. The Pipe to Which This Heavy Section Is Welded Is 
Usually 40 Ft. Long 


obtained in tests of a number of typical pressure welds 
The data are grouped in relation to the carbon and alloy 
content of the steel, and reference is made in each case 
to the general type of structure welded. It will be noted 
from this table that excellent results were obtained with 
steels within the complete range of commercial carbon 
contents, and also with typical low-alloy as well as high- 
alloy steels. In every case the physical properties of the 
heat-treated or as-welded welds were equivalent to the 
physical properties of the base metal under the same 
conditions of heat treatment. The bend test results con- 
firm the good ductility that is obtainable with this 
method of welding. 

In Figs. 3, 4 and 5 are shown typical hardness curves 
and data from pressure welds as-welded and after torch 
normalizing. As the rate of cooling following either 
pressure welding or torch normalizing is very low, prac 
tically no hardening occurs in the base metal, and as 4 
consequence the hardness traverses are relatively flat. 
Even in pressure-welded rails and in low-alloy stee!s 0! 
the S.A.E. 4340 type, the hardening in the weld zone 's 
of a relatively low degree, and does not indicate the need 
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Table 2—Results of Krouse Fatigue Tests—10,000,000 Cycles 
of Stress 


Endur- 
Approx. ance 
Dimensions Heat Limit, 
of Weld Treatment Psi. 
1/, in. x 6 in. 32,000 
1!/,in., diam. 48,000 


Material 
urbon plate 
S.A.E. 1045 


58,000 
112-lb. rails 56,500 
5 in. diam. x 


5/s-in. wall 


Rail steel 

Tog] joints low- 
alloy steel 

Stainless alloy to 
nickel alloy Bars 

N.E. 8630 1/,-in. plate 


50,500 


50,500 
56,000 
72,000 


S.A.E. 4340 1/,-in. plate 


for any preheating or slow cooling. The hardness curves 
in Figs. 4 and 5 further demonstrate that torch nor- 
malizing, if properly controlled, is suitable for restoring 
the hardness of the weld zone to the desired value. 

An excellent example of the uniformity of physical 
properties along the length of a pressure weld and across 
the weld is shown in Fig. 8. This tensile specimen was 
obtained lengthwise of the weld in a thin-walled cylinder, 
and the weld is located lengthwise through the center 
of the specimen. This specimen was 1*/s in. wide and 
therefore included all the heat-affected metal. It will 
be noted that the weld zone stretched equally with the 
base metal. The average physical test data for two of 
these specimens were as follows: yield point 33,100 psi., 
tensile strength 54,300 psi., % elongation in 8 in. 24.5. 
No indication of failure occurred until final fracture. 

Fatigue tests demonstrate more clearly than any other 
test the excellence of pressure welds. In Table 2 are 
given the results of fatigue tests made in commercially 
produced welded structures. These tests were run in a 
Krouse rotating fatigue testing machine of the cantilever 
type with the weld interface placed at the point of maxi- 
mum stress. The endurance limit reported is for 10,000,- 
000 cycles of stress. The data show that the endurance 
limit of the pressure welds was practically equivalent to 
that of the original base metal under similar conditions 
of heat treatment, and in no case was this endurance 
limit lower than 43% of the tensile strength of the base 
metal. Reference is also made to the technical article 
entitled ‘Fatigue Strength of Welded Aircraft Joints” 


by T. V. Buckwalter and O. J. Horger in which are re- 
corded the results of fatigue tests on heat-treated pres- 
sure welds in S.A.E. X-4130 bars. They cited an en- 
durance limit of 55,000 psi., equivalent to 80° of the 
endurance limit of heat-treated base metal. 


Microstructure 


The general metallography of the pressure-welded 
joint appears to be relatively simple. Except for the 
metallographic changes caused by the heating through 
the critical temperatures, there is very little indication 
of the presence of a weld, especially if the two base metals 
are of the same composition. 

The macrostructure, as revealed in Figs. 7, 8 and 22 
reveals only the extent of the areas in which the structure 
was altered on each side of the weld, as would be ex- 
pected. There is no sharply defined heat-affected zone 
at the weld, as the type of heating employed produces 
a mild temperature gradient. When the joint is ex- 
amined under higher magnification, very little indication 
is found as to the location of the original joint. In a 
properly welded specimen the grains on the opposing 
sides of the interface have coalesced and merged across 
the boundary, forming a continuous crystallographic 
structure such as is shown in Figs. 9 through 14 for sev- 
eral carbon steels. In instances in which alloys of two 
different compositions are pressure welded together, the 
joint between the two alloys is, of course, distinguish- 
able, as shown in Figs. 13 and 14. 


Economy of the Process 


It is rather difficult to discuss costs in other than a 
general way, as almost every application presents a 
different balance among a number of factors and must 
be considered on its own merits. The items chargeable 
directly to the process are apparatus, gas consumption 
and time. The apparatus, which includes the pressure 
and lining-up equipment as well as the welding heads 
and supplementary controls, will vary in cost with the 
size and complexity of the parts to be welded, but in 
general it will be simpler and cost less than has generally 
been found necessary for other mechanized welding 
methods. In all cases, the cost of implementation of 
the process has been well in line with the size and im- 


Fig. 22—A Photomacrograph Through a Pressure Weld in Oil Well Tool Joints After Torch Normalizing 


but Before Machining to Final Dimensions. 


It Should Be Noted That the Weld Was Made Partly Up the 
Taper Which Joins the Thin-Walled Drill Pipe on the Top, to the Heavy Wall Tool Joint. 


On the Completion 


of the Welding, the Reinforcement Is Removed from the Inside of the Joint and from the Taper on the Outside 
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Fig. 23—-Machine as Constructed for Pressure Welding Short Thin-Walled Cylinders. 
Shown in Operation Joining Two Deep Drawn Shells About 12-In. Diam. by '/,-In. Wall 


The Machine Is 


On the panel at the right are the hydraulic and gas pressure indicating gages and the various controls. Ths 


operator manually oscillates the welding head through a short amplitude during welding. The welding time 


for this type of operation is about 22 seconds. 


portance of the product. It is, however, the economical 
use of the expendible items, time and gas, that contrib- 
utes most to the relatively low unit cost of the process. 
As shown in Fig. 15, the time for welding varies almost 
directly with the thickness of the material, being on the 
order of | min. per '/,-in. thickness. As the entire length 
of the joint is welded simultaneously, the time given in 
this chart represents the total welding time for the job 
regardless of length of weld. The volume production of 
the apparatus, therefore, may be very high. This short 
welding time also results in low total gas consumption 
even though the rate of gas flow during welding may be 
relatively high. Generally speaking, the total gas con- 
sumption during pressure welding is considerably less 
than that required for fusion welding. This combina- 
tion of moderate apparatus cost, low gas consumption 
and high rate of production results in a unit cost which 
has been found to be economically very satisfactory in 
practically every installation of pressure welding. 


Commercial Applications of the Process 


The versatility and dependability of the process are 
attested by its many successful commercial applications. 
Two of the most extensive applications are notable in 
that the welding is done out-of-doors away from the 
protection and facilities available in shops. These two 
are the welding of railroad rails and of overland pipe. 
As the joining of rails was the first commercial use of 
the process, pressure welds in rails were subjected to a 
specially thorough investigation. The final tests were 
conducted at the University of Illinois on fulf-sized rail 
welds made under regular operating conditions. The 
results of these tests were recorded in the first and second 
Progress Reports of the Joint Investigation of Continu- 
ous Welded Rail. During this work the rails were 
subjected to bend and rolling load tests, and the joint 
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was examined thoroughly for tensile strength, ductility, 
hardness and microstructure. The rails were found t 
withstand the rolling load tests very satisfactorily, and 
no failure occurred during the bend tests. Figures 14, 
17 and 18 are photographs of one of the machines « 
veloped for this welding and the pressure-welded rails 
as-welded and after bend testing. Up to the present 
time, many thousands of rail joints have been made by 
the pressure-welding process in various grades and sizes 
of standard railroad rail. In some installations the rails 
have been double- and triple-lengthened, and in other 
installations continuous lengths up to 4000 feet have been 
welded. The general results from both cost and pe: 
formance standpoints have been very satisfactory. 

The second notable application of pressure welding 
as done in the open is the joining of overland pipe lin 
Special welding clamps such as shown in Fig. 19 hav: 
been constructed for welding pipe from 2 to 24 in. in 
diameter, and several of these are in relatively continuous 
operation in the laying of overland pipe lines. It 1s 
understood that over 650 miles of pipes varying in di 
ameter from 2 to 24 in. have been laid by this process 
during the past two years. Pressure welding provides 4 
number of advantages when used for this type of opera 
tion, an important one being that it permits the stovepipe 
type of construction with a minimum amount of labor 
and time per weld. Currently, the average welding 
time is 1 to 1'/: min. per weld with a joint to joint time 
of about 3 to 4 min., whether the pipe is 2 or 24 in. 1 
diameter, and an average crew of eight or nine men 1s 
sufficient for maintaining this rate of production; 10! 
equivalent production per day by hand welding, a crew 
of up to 28 men would probably be required. The proc 
ess also has the advantage that the entire weld is mace 
simultaneously, thus eliminating residual stresses due to 
nonuniform cooling around the circumference. |s° 
because of the smooth, uniform, but slight upsetting on 
the inside, no obstruction or restriction to flow occurs 
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Fig. 24—A Pressure-Welded Liquefied Gas Cylinder As- 
Welded and Stress-Relieved, Showing a Narrow, Uniform Weld 


weld. Figure 20 is a photograph of 
pressure weld in 16-in. pipe. 

\nother highly successful application of pressure weld- 
ing is the fabrication of oil well tool joints. In this 
welding a short thick-walled stub known as a half-tool 
igint is butt welded to each upset end of a 40-ft. long drill 
pipe. The half-tool joint stub end is threaded and serves 
to join the successive lengths of drill pipe during oil well 
drilling. The drill pipe is essentially a medium-carbon 
low-alloy steel, and the half-tool joint material 1s a heat- 
treatable low-alloy steel. As in one type of drill pipe 
he half-tool joint has a 1'/4-in. wall thickness and the 

set end of the drill pipe is only */s in. thick on the 

erage, the half-tool joint is tapered to °/s in. at the end 
which it is joined to the drill pipe. After welding and 
hining, the weld lies in the taper joming the two 
‘s. As would be expected from an under- 
nding of the use to which drill pipes are put, these 
lds are subjected to extremely severe service in re- 
ect to impact, both torsional and longitudinal. Thou 
ids of welds have been made in these drill pipes, and 
very satisfactory service has been obtained with these 
welded assemblies. Figure 21 is a photograph of one of 
welds before machining to finished dimensions. 
Figure 22 is an etched section through one of these pres- 
sure welds after torch heat treatment but before machin- 


ng 


a typical 


The process is also being used on a large scale for join- 
ing two stainless alloys in rather heavy sections. The 
application is in direct war production and so cannot be 
described in greater detail except to state that by means 
of this process a welded product is being made that could 
not be made nearly as satisfactorily by other welding 
methods, and service results have been excellent. The 
process is also in current use for the welding of cylinders 
in which liquefied gases are shipped. A rather fully 
mechanized machine for this welding is shown in Fig. 2: 
and welded cylinders of this type are illustrated in Figs. 
24 and 25. A completely automatic machine for the 
welding of boiler tubes by this method has also been con 
structed, and the welds have passed all test requirements. 
Portable pressure-welding apparatus has been con- 
structed for shop welding pipe and other structural 
sections varying from 2 to 6 in. in diameter. The process 
has the approval of the A.S.M.E. Boiler Code Committee 
under Case 973, and of the U. S. Coast Guard and Ameri- 
can Bureau of Shipping for Class I piping on merchant 
vessels, The process has also been very satisfactorily 
demonstrated for the welding of wrought iron chain links 
in which much higher test loads were secured than are 
obtainable on hand-forged links. Another notable ap- 
plication that has received official approval of the W.P.B. 
is the butt welding of high-speed tool tips to low-carbon 
steel shanks. 


Special Merits of the Process 


As a mechanized welding process, oxyacetylene pres- 
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Table 3—Results of Notched Charpy Impact Tests 


Approx 
Dimension 


at Weld 


Heat Charpy 
Material rreatment Value 


LO% Carbon Original 
AW 
As re 
r.N 


W.Q.& D 


S.A.E. 1045 


eived 


tool Sin 
Wi 


O.D 
ill 


Locomotive leavs 


* Special notch 


sure welding provides a combination of a number of 
distinctive advantages over other welding methods, in 
addition to the freedom from the element of fusion which 
has already been mentioned. This permits welding of 
alloys which are difficult to weld by any other method 
In applications such as overland pipe lines, the time re 
quired for welding is dependent only on the thickne 
of the material welded ndent 

of the seam. Thus, a diameter pipe 
wall can be welded in the same time required for 


and is indepe 
16-1n 
a 6-in. diameter pipe of the same wall thicknes 
actually being done commercially, as mentioned 
viously. This factor contributes nmportantly 
cost of this type of welding 
the favorable shape of the upset metal and m 
to control the contour of the weld. The upset 
tapers by a smooth fillet from the original thickness to ; 
maximum at the center of the and leaves 
entrant pockets or sharply projecting 

which would be objectionable in service. This feature 
especially important in welds that are left in the as- 
welded condition such as those in pipes, tubes, some por- 
tions of railroad rails and thin-walled cylinders. More- 
over, by proper beveling of the opposing edges before 
welding, it has been found very practical to produce a 
pressure weld that is flush on the completed face. A 
very important advantage in a number of apy 
is the control over the location of the weld and the final 
dimensions of the welded assembly. This derives from 
the method used to indicate the end point of the welding 
operation. It has been found that if the original speci- 
mens are of uniform dimension and the welds are made 
according to predetermined conditions, the location of 


to the low 
Another advantage is in 


angles, 


Fig. 25—The Same Cylinder Shown in Fig. 24 After Hydrostatic 
Testing 
computed fiber stress of 
were considered very satisfactory 
quality in the weld. It should be noted 
the weld elongated proportionately with 
cylinder the circumference at the weld increased 17.7 


uniform and high ductility under con 


tions of restrained s 


OXYACETYLENE PRESSURE WELDING 


Ry 
av 
| 
1.0 
Le alk x 
Rail steel Mb. rail Original ui, 
r.N 
Spring steel Original 
q 
ine 
me 
J 
ity 
t 
ind 
pote: 
ails = 
ent 
iZeS 
ails 
£ 
her 
een 
eT my 
ing 
n 
ive 
in 
Ous 
di 
} 
11S 
1oT 
rew 
Ot 
ide is 
is 
on 
ng 
urs ess. 
Rey 
JER || 1155 
te 
4 


the weld in respect to the original interface will be re- 
markably consistent. In one welding application in 
which the location of the weld is important, it has been 
determined in many hundred welds that the weld inter- 
face does not vary more than 0.02 in. fromamean. Such 
a characteristic of a welding process is of considerable 
advantage when dimensions of the finished weld are close, 
and adjustment in dimension cannot be made at a later 
stage in manufacture. 


Summary 


Oxyacetylene pressure welding is a new, commercially 
practical process of welding metals at subfusion tem- 
peratures under controlled conditions of temperature and 
pressure. 

In carrying out the process, plane, clean surfaces are 
butted together under pressure on the order of 3000 psi., 
and while this pressure is maintained, the metal in a 
narrow zone on both sides of the junction is heated by 
means of multi-flame torches to a uniform temperature 
of about 1250° C. At this temperature the metal within 
the narrow zone is upset and a weld of high quality is 
secured. Steels of practically all classes, including the 


Can a Woman Weld?’ 


by Doris McDowell! 


NLY a few years ago the setting of our American 
homes presented to us a picture of orderliness 
and tranquility not surpassed by any people. 

Home was the place where peace reigned supreme and 
mother was busy with many plans for the comfort and 
enjoyment of her household. The needs of every mem- 
ber of the home were well supplied, with plenty of time 
and forethought given to keeping it the place where 
everyone found love and protection. There was plenty 
of time to see that the children studiously applied them- 
selves to lessons and music and even the very youngest 
member received his full share of attention. Here was 
happiness and security. 

Then came Pearl Harbor, and the weeks that followed 
brought a complete change in our entire design of living. 
Men from every city, from every section of our country, 
were volunteering for service, leaving serious gaps in our 
industries that must be filled. These gaps, plus the 
accelerated program of war production, immediately 
set in motion, demanded the best of every thinking 
person. Women joined the armed forces in every 
branch available to them and by their joining, many of 
our men were able to enter more active fields of duty. 

Women have been known from pioneer days for their 
fortitude and courage in facing difficulties and untried 
fields. It was not surprising when from the industries 
across the United States came the call for them. *° They 
were needed to shoulder new responsibilities, try new 
fields of labor and attempt to accomplish the gigantic 
task left to them by the fast diminishing army of work- 


* Presented at the May 1944, Meeting, Los Angeles Section, A.W.S. 
t Women's Counselor, Western Pipe & Steel Co. 
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stainless steels and a number of nonferrous meta): 
alloys, have been welded successfully by this means 
The process is well adapted to almost complete n 
anization, and the entire joint is completed sim 
eously in contrast to welds that are made progress: 
For these reasons, the costs of welding by this proc 
compare favorably with those of other method 
mechanized production welding. This has been con- 
firmed by experience in commercial operations. 
Although the process is well suited for joining a gr, 
variety of metals, it has been used most extensive] 
so far in the welding of carbon steels and low- and hich- 
alloy steels. The process possesses special merits which 
commend its use for widely diversified welding as- 
semblies, but especially for those in which high quality 
and uniformity are of first importance. 


References 


1. Adams, L., ‘“New Oxyacetylene Process for Butt Welding Rails,"" Ry 
Eng. Maintenance 35, 28-31 (Jan. 1939). Adams. L., ‘Oxyacetylene Pressu; 
Welding of Railroad Rail,"" THe Wetpinc Journar, 20 (11), 769 
Forbes, A’ L., “‘Pressure Welding of Pipe Lines,” Petroleum Engineer ( March 
1943.) Wood, W. G., “‘Pressure Welding of Heavy Tubing,” /ron Age, 152 
56-58 (Sept. 23, 1943). ; 

2. First and Second Progress Reports of the Joint Investigation of Continuou: 
Welded Rails, Engineering Expt. Sta., Univ. of Ill. Buckwalter, T. V., and 
Horger, O. J., ‘“‘Fatigue Strength of Welded Aircraft Joints, THe Wetoro 
JOURNAL RESEARCH SUPPLEMENT, IX, 50-s to 58-s (1944). 


re 


ers, who had enlisted and were being drafted into the 


service of our country. They came by thousands strong, 
to lend their hands and woman-power to many tasks, 
all new, all much untried, but with the will to do their 
best. They came willingly, for was it not their sons, 
brothers, husbands and fathers who had gone to protect 
them, their homes, their ideals, their America? They 
came untrained, but with a willingness to learn that 
made them readily adaptable to many kinds of work. 

It became, then, the task of management to work out 
a plan whereby the utmost in their ability and back- 
ground knowledge could be utilized. Through the Per 
sonnel Department this selection and employee evalua- 
tion has been accomplished. By training and thorough 
methods, they have been placed where their greatest 
skill has had an opportunity for expression. 

They were put first on bench jobs, then small as- 
sembly work, electric wiring—types of work where their 
agile fingers proved quite adept. The quantity and 
quality of the production was, in many cases, equal and 
oftentimes surpassed what had been done before by 
previous workmen. 

From the simple things, they branched out into the 
more difficult. As new fields of labor have been opened 
to them, they have applied themselves and, by careciul 
instructions, have mastered every one. As the lines 
have become more and more depleted, women have had 
to face the new job. In many cases it has required a job 
breakdown and an easier way to accomplish the task 
This new worker has shown much enthusiasm and 1n- 
terest, as evidenced by her accomplishments. 

Her innate curiosity has made her anxious to attempt 
any job made available to her. This curiosity is one ol 


the reasons why women have been interested in learning 
to weld. There have been a number of other reasons; 
perhaps the most important is because industry does not 
offer a more remunerative job that requires so short 4 
time in learning as welding, and so, to many women, 
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the money has been the main issue. The interest in 
welding has spread rapidly and when one has learned 
it, she has been very apt to interest a number of her sis- 
ters in the same craft. Then, since welding has always 
been a man’s job, it has offered a great challenge to her 
and she set about doing it with all her will. 

Perhaps no other field offers greater fascination than 
this particular one. The clothing offers to her a com- 
plete new wardrobe and, although it is a weighty one, 
this uniform she wears, and very much lacking in 

nour, the thrill of seeing oneself from an up-raised 
| gives one very much the feeling of being actually a 
part of the war effort. 

In our yard we have a good many women welders. 
[he first ones employed came from either other yards, 
er directly from other schools. Our first woman welder 
was hired into the plant on March 23, 1943. She came 
to us from another shipyard as a No. 1 welder and, 
within two months after coming, had passed her A.S. 
M.E. High Pressure Code test. Looking back upon the 
story she tells, we find it was not easy for her to make 
the sacrifice of spending her evenings learning to weld. 
Her days were taken up with two small children that re- 
quired ‘all her attention. We have found in her par- 
ticular case that it does not take a large woman to make 
a good welder, her weight being only 110 pounds. Her 
work has been outstanding at alltimes. We have several 
other women who have, in addition to the No. 1 welding 
test, passed the A.S.M.E. and the B.M.I.N. tests, who 
are now working in the Fitting Department of the Boiler 
Shop. They came to us as No. 1 welders from an ac- 
credited school and have taken the additional training in 
our own school. 

One of these women shows a fine background of 
between seven and eight years in nursing, in charge of 
surgery, X-ray and obstetrics. She expects to specialize 
in plastic and brain surgery after the war. In her own 
story, she tells us: 


“Of course, I am like a good many other women 
indefense. Ihave a home, husband, and a twelve-year 
old daughter to care for, and I do a lot of civilian de- 
fense work. Since the first of the year, I have been 
Unit Commander in the Women’s Ambulance and 
Defense Corps and any spare time I have I devote 
to that.” 


Another of the women tells us: 


“T learned to weld because my husband wanted 
me to and thought I would make a good welder. I 
find it very fascinating and yet, at times, we work 
quite hard. 

“As to keeping my job after the war, I think not— 
I have two brothers in the service; one in England 
and one who is to be shipped shortly—and I know 
there are thousands more like them that will be 
ready to work when they are discharged. I will 
gladly step out for one of them.”’ 


In each case, these women expect their fascination 
for welding to carry through as long as the war lasts; 
but, from their stories, each of them feels there will be 
plenty of service men to fit into their places when this 


war is over. Their work has been very acceptable and 
they have fitted into the department as one among the 
men workers, taking their jobs as they come, without 
any preference as to the difficulties involved in per- 
formance. 

Another very outstanding welder in our yard is one 
of the women who went through our own welding school 
and became a first-class welder. Hearing about stain- 
less steel and all of the problems involved in handling it, 
she set out to solve them, and since September 1943 has 


been welding almost entirely on stainless steel. Some 
of her reactions have been that it is truly difficult to 
apply, very tedious and requires a special technique. 
She still thinks stainless steel welding presents the most 
challenging task, and is now running practically all of the 
Stainless steel in her area. She has been unusually 
adept in running the vertical, keeping it down to the 
correct width and height. We have a number of other 
women who are using stainless steel—others are learning. 

One of our foremen observed a woman welder in his 
department the other day as she was doing overhead. 
She burned nine rods consecutively, down to a short 
length, without stopping, without sticking the rod and 
with one hand. His own statement is that she has 
the steadiest hand in the department and does not like 
doing flat welding. 

This interesting story is from a welder on our grave- 
yard shift: 

“The driving force which motivated my journey to 
California was the call received and answered by 
thousands of citizens in every part of our country. 
Thoughts of someday seeing the ‘West’ had occurred 
to me on numerous occasions prior to my visit. The 
need, however, was definitely established in the en- 
suing weeks following Pearl Harbor. I chose welding 
of my own volition after a test taken to determine 
‘whether or not I would qualify. Past experience of 
writing, nursing, directing ‘home talent theatricals’ 
for the National Producing Company were of little 
value in my ‘war occupation.’ Desiring to apply myself 
fully, I obtained knowledge of welding under expert, 
supervised instructors teaching at an accredited school. 
The prevailing attitude of students was that of sincere 
effort rather than ‘nice for a lark.’ The frightening 
aspect of actual application of the welding process 
was definitely allayed before entering the plant, yard, 
or wherever we were to be employed. Two brothers 
and a sister in actual combat presented a vivid 
picture of the urgency for everyone to engage in 
defense work. On completion of my first year with 
Western Pipe & Steel Co. of Calif., I can, in all sin- 
cerity, say, ‘I have derived beneficial experience, actual 
enjoyment, plus the satisfaction of combining my 
efforts along with millions of patriotic citizens in 
hurrying this world conflict to a successful climax.”’ 


One particular department in our plant makes use of 
acetylene welders and for this department we have done 
our own training. This work has been on tubes for 
Marine Boilers. At present, we have nine women 
acetylene welders who qualify for this work, having 
passed the United States Coast Guard B.M.I.N. No. | 
and No. 3 tests. Again, the women have had the credit 
for setting the pace for making the men produce. 

Let me give you the record one has made. She under- 
stood when she was released from school that we ex- 
pected one complete unit of twenty-eight welds for eight 
hours’ work. This number was above any number of 
welds then being made by the men. 

Her first day she made nineteen; the next day, twenty- 
eight. Before long, she was doing her twenty-eight by 
2:00 P.M., in just six hours. Then she climbed to an 
average of thirty-five welds a day and is now doing fifty- 
eight with ease. Her work has never had a leak, nor 
has she had to have one of her welds gone over. At 
present, a new acetylene welder must prove his, or her, 
ability to make thirty welds daily before being classified 
as a welder. Her own story has been very interesting 
in which she gives us these facts: 

“Way back in March, 1943, I suddenly tired of my 

up and down career (in an elevator) and decided it 

was high time to contribute physically and materially 


CAN A WOMAN WELD? 1157 


45 
“4 
id 
h- 
l- 
y. 
3S 
) > 
l- 
+ 
it 
ret 
l- 
fav? 
e 
4 
> 
an 
| 
’ 
= 
ke 
| 
i + 
% f 
1944 
aft. ~. 


in the war effort. I wanted to help speed the return 
home of my two brothers in the armed forces. Having 
no qualifications as a journeyman this, or a journey- 
man that, shipyard work was then the thing most re- 
mote from my mind. Several friends joined in my 
enthusiasm to help, so we hied ourselves to a training 
school—our problems materially solved. The fas- 
cination of acetylene welding (to say nothing of the 
‘buck-twenty’) caught my fancy at once. It was a 
lengthy ordeal, but at last, I am a welder—at least, 
some say so—others are reserving their opinions. 
Nevertheless, I have welcomed the opportunity to 
work on some of the finest weapons in the world. 
After the war—well—if I acquire enough war bonds, 
I may retire and take up knitting.”’ 


For another example of the spirit and ambition of 
women, I wish to relate the case of a woman welder 
working the graveyard shift. It was at a time when we 
only conducted day school, but we were allowing the 
graveyard employees to come to school in the morning 
before leaving the plant and the swing shift employees 
were to report before 4:00 P.M. 

We sent out letters to this effect and were quite elated 
at the number who apparently were going to take ad- 
vantage of this time; but the newness soon wore off and 
all but one stopped coming. This employee (again a 
woman) became more and more interested. She started 
coming in one hour every morning after working her 
graveyard shift. Before long, she was staying two hours 
and finally we had to send her home. She kept this up 
for about three months, then she came in three times a 
week. She remained in the school until she was classified 
as a Navy No. | welder, Navy stainless steel welder and 
has passed the United States Coast Guard B.M.I.N. 
No. 2 test. Having checked with the foreman several 
times, we find he still classes her as his No. | welder. 
She takes all jobs as they come and does first-class work 
on all, seldom having a chip-out. 

We have worked out what has proved to be a very 
successful procedure in our welding training school. 
Here persons without any experience are taught to weld, 
tackers become first-class welders and all the train- 
ing in acetylene welding and stainless steel welding is 
given. 

The prospective student is chosen carefully for her 
physical qualifications in learning to weld, making sure 
that she has good eyes, that she can take what would 
finally be an eight-hour day of welding. We have 
never found it difficult to get women interested in learn- 
ing to weld and have always had a waiting list. They 
are allowed to enter school in the order in which they 
are hired. There are four classes for each shift, with 
two hours’ class periods. Here, from the very first 
problem of learning to strike an arc, the welding tech- 
nique is taught. The two-hour class period has proved 
to be very successful, in that it gives them all they can 
absorb without tiring them too much. Most of the 
No. 1 welders now employed came to us without any 
previous experience in welding. 

To satisfy my own curiosity, and also to find the an- 
swer for the employment of the women best fitted for be- 
coming welders, I have had the privilege recently of 
learning to weld. Much credit is due the instructors 
for the craftsman the student may become. His pa- 
tience and ability in teaching the employee how to do the 


job are all-important. 


THE WELDING JOURNAL 


The art of being able to strike an are and learning 
to hold it long enough at the beginning so that it doe sn't 
stick or go out by your fast pulling it away fro 


1 the 
shock of the bright flare it sends up, is Siiathine that 
takes practice. Acquiring enough skill to strike the arp 


and settle down into the smooth process, which soup 
very much like frying eggs in your skillet at home. % 
very gratifying. You probably would forget as | dig 
on several occasions, that it was time your sch 
period was over and some of the gone feeling was hu: ger, 

The thrill of seeing the melting rod as it fuses with thy 
steel and becomes as strong as if there had not bee; 
seam gives the utmost in your fascination for wel 
The final glory can only be felt when we see the 
pleted ship go down the ways, realizing we have | 
part in making her seaworthy. 

The leathers are a bit heavy, but after a few days j; 
was proved to me that the weight of a few clothes « 
easily compensate for the small (and not so small) slag 
burns that one receives when not properly attired 
There is something about the feeling of being able to 
control the puddle of metal that seems to actually y 
up the side of a piece of steel in a vertical weld and 
knowing that if you keep your machine at just the right 
heat and your are at the proper length, the metal 
stay. Of course, a flat weld isn’t quite so thrillin; 
cause from the start you have the feeling you 
control it. Welding, though not strenuous, dos st 
great deal out of you, for it requires concentration 
muscle control, not required in less exacting jobs. 

The accomplishment of having passed the plat 
all three positions is one I shall not soon forget. | 
would offer it as a prerequisite for those who hav 
actual contact with the potential worker, in job pl 
ment. 

Perhaps you are wondering if a great many oi 
new workers will not be loathe to leave their new fi 
From the many contacts we have made in our yard, 
and in other yards, each woman ‘has had the attituc 
that, however thrilled she may be with her task, when thi 
boys come home from the service and are ready to st 
back into their former places, they will be more th 
anxious to return to them their electrode holder not 
cooled from the last rod they burned. 

These convincing stories and my own experience ha 
proved to me that a woman can weld. She must cor 
tinue until the war is over, until our final victory 1s 
complete—her task then will have just begun. It will 
be the most challenging task of welding she has « 
done, for here is where her greatest technique will bi 
required. The most important reason is because sli 
will be using finer metal and, in the finer metal, she wil! 
require more balance, more control, a lighter touch tha: 
any she has ever used. She will have the need, in mam) 
cases to rebuild the scars left by wounds of battk 
our shell-shocked returning men. She will also have to 
bridge many gaps no molten metal can fill. 

Perhaps some of it may be easy, not requiring much 
skill; in other cases, she will be fastening her hope: S as 
to a star, only looking overhead above the difficult 
and the problems. The difficulties she sees for hers i 
will be the task of repairing men and home, rebuilding 
their confidence and feeling of security in the future, 
planning anew for the children, picking up where a few 
short years ago she left off. Welding anew her heart 
and ambitions with those of our returning men; a greater 
task—but a woman can weld. 
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19" dia. steel propeller nut with 


forged steel extension ring solded 


2'=10" over propeller boss 
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i number of machine bolts, the holes for 
which were drilled and reamed. These 
four plates were then welded together at 
their corners. The tapered circular 
olumn which had an opening or window 
nit for the spur pinion to engage the 
juadrant of the steering gear, I also 
enclosed with two semicircular plates 
which again were carefully fitted, drilled, 
reamed and bolted to the column. These 
olumn plates were then welded together 
and were also welded to the base cover 
plates. At the junction of these plates 
small gusset plates were cut, fitted and 
welded to give greater rigidity. Asa por- 
tion of the column adhered to the bottom 
ff the bowl sufficiently to provide for 
my requirements, this neck was then also 
bolted to the steel reinforcement of the 
olumn. The tangential flanged connec- 
tion on the bowl was also badly cracked 
and it had to be similarly enclosed in steel 
plate, bolted and gussetted to the column. 
Afterward all the plates were welded to- 
gether and where deemed necessary small 
gussets were cut, fitted and welded. 

All the work described above while ef- 


§ 'ective was not stable enough to stand up 


to service conditions and it was here that 
the strength problem was solved. I had 
noticed the diameter of the bowl to be 
lightly less than the square of the base 
so from the upper face of the reinforcing 
plates on the base I erected two curved 
plates, carrying them up to the top of the 
owl and each extending approximately 30 
in. circumferentially around the outside. 
These plates and the bowl were drilled, 
rereamed and fitted with machine bolts and 
their bottom edges were electrically welded 
to the base plate cover plates. All bolt 
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Fig. 3— Propeller Shaft Modification 


heads and nuts were welded to the plates 
through which they passed to ensure per- 
manency. These curved plates added 
enormously to the stability of this cast- 
iron steering gear standard. The job was 
done well within the time required as well 
as the other several parts broken or dam- 
aged, these being repaired or renewed 
while the major repair was being executed. 

Six months after these repairs had been 
completed, this vessel again visited this 
port when the ship’s officers stated the 
repair and steering gear had caused them 
no concern at all. They stated that, in 
their opinion, the job was now stronger 
than when new. 

Lastly, a new American-built Liberty 
ship broke her tail shaft en route to Well- 
ington resulting in her four-bladed solid 
bronze propeller being dropped to the 
floor of the ocean. Towed into port she 
docked here and what was thought to be a 
spare propeller and tail shaft were sent to 
us from Auckland where they had been in 
store. While the shaft was found to be a 
genuine spare, the propeller, 18 ft. in di- 
ameter, eleven long tons in weight and 
having a considerably coarser pitch 
proved to belong to the Victory type of 
ship. The bore of the propeller was found 
to be 15/s in. too large in diameter for the 
shaft while the boss was 2'/, in. shorter 
than that of her Liberty sister. It would 
have taken several weeks to get a Liberty 
propeller from the States and as this ves- 
sel was scheduled for a most important 
assignment, it was necessary that the ship 
should be dispatched with the minimum of 
delay. The following repair therefore was 
decided upon and in this repair welding 


WELDING REPAIR JOBS 


certainly added to the efficacy of the work 
(Fig. 3). 

A steel plate liner for the shaft was made 
from the two semicircular tapered plates, 
welded together, the plates used being 
1'/s in. in thickness. This hollow tapered 
cylinder 3 ft. in length was set up in a 
horizontal boring machine and machined 
to accurately fit the taper of the tail shaft 
and was then tightly forced on to the 
shaft. The shaft with the steel liner was 
set up in a lathe where the outside of the 
liner was machined to fit the bore of the 
propeller. The liner was then withdrawn 
key seats were cut in it, new keys were 
forged, machined and fitted and the whole 
job assembled for approval of the several 
interested authorities. The work included 
making and welding a steel ring on the 
face of the tail end nut to make up the dif- 
ference in length of the two types of pro- 
pellers, also a steel plate dunce cap was 
fabricated from #/s-in. plate and welded 
to replace the cast-iron one lost with the 
propeller 

An interesting feature of this repair was 
that this Liberty vessel fitted with her 
Victory ship propeller made a 
passage for any Liberty vessel and after 
arrival in the States, she was sent on a spe- 


rec ord 


cial trial voyage accompanied by a body of 
experts with a view to determining 
whether to replace Liberty ships in future 
with propellers of the Victory ship specifi 
cations. 

I have related these incidents merely 
to give those present another few indica- 
tions of how welding can be used for 
the benefit and convenience of trade and 
commerce and the great saving of time 
and money. 
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AMERICAN WELDING SOCIETY 


ACTIVITIES = RELATED EVENTS 


MILLER MEDAL AWARD NOMINATIONS 


The Committee on Awards of the AMER- 
ICAN WELDING Socrety wishes to an- 
nounce that it would like to obtain the 
active cooperation of all members of the 
SocreTy in the selection of the recipient 
of the Miller Medal for the current year. 

This is an honor that is greatly prized 
and is given “to the person who in the 
judgment of the Board of Awards is most 
deserving for conspicuous contributions 
to the advancement of the welding or cut- 
ting of metals.” 

Many members of the Socrety have 
personal acquaintance with, or knowledge 
of, individuals who they feel should be 
considered for this honor. The Com- 
mittee on Awards would be glad to receive 
letters suggesting names and_ giving 
reasons for their suggestions. 

Please mail these proposals before Febru- 
ary 15th to E. M. T. Ryder, Chairman, 
Committee on Awards, 2396 Third Ave., 
New York 35, N. Y. 
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Insp., Southern Pacific R.R. Co., San 
Francisco, Calif. 

Honorary Director, C. A. Adams, Con- 
sulting Engr., E.G. Budd Mfg. Co., Phila- 
delphia, Pa. 

Directors-at-Large: (Term expires 1945) 
E. V. David, Air Reduction Sales Co., 


New York, N. Y.; J. H. Critchett, Union 
Carbide & Carbon Res. Labs., Inc., New 
York, N. Y.; H. C. Boardman, Chicago 
Bridge & Iron Co., Chicago, Ill.; R. S. 
Donald, Thomson-Gibb Electric Welding 
Co., New York, N. Y.; *G. F. Jenks, 
North American Aircraft Co., Los Angeles, 
Calif. (Term expires 1946) H. W. Pierce, 
New York Shipbuilding Corp., Camden, 
N. J.; E. R. Seabloom, Crane Co., Chi- 
cago, Ill.; K. V. King, Standard Oil Co. 
of Calif., San Francisco, Calif.; J. H. 
Deppeler, Metal & Thermit Corp., New 
York, N. Y.; *K. L. Hansen, Harnisch- 
feger Corp., Milwaukee, Wis. (Term ex- 
pires 1947) R. W. Clark, General Elec- 
tric Co., Schenectady, N. Y.; L. W. 
Delhi, Western Pipe & Steel Co., San 
Francisco, Calif.; J. F. Lincoln, The Lin- 
coln Electric Co., Cleveland, Ohio; 
H. M. Priest, U. S. Steel Corp. Subs., 
Pittsburgh, Pa.; *D. Arnott, American 
Bureau of Shipping, New York, N. Y. 


* Junior Past-Presidents. 


BOARD OF DIRECTORS MEETING 


A meeting of the Board of Directors of 
the AMERICAN WELDING SOCIETY was 
held on Sept. 29, 1944, in the Board Room, 
A.S.M.E., Engineering Societies Bldg., 
New York City. 

Present were: David Arnott, President, 
presiding; C. A. Adams, H. C. Boardman, 
R. W. Clark, E. V. David, J. H. Deppeler, 
O. B. J. Fraser, H. O. Hill, C. H. Jennings, 
H. W. Lawson, H. W. Pierce, E. R. Sea- 
bloom, G. N. Sieger, W. Spraragen and 
M. M. Kelly. 


Report and Recommendations of Outline of 
Work Committee 


At the request of Mr. Clark, his resigna- 
tion was accepted and a vote of thanks 
was extended to him for the accomplish- 
ments during his regime. The Board also 
endorsed the Outline of Work Committee’s 
recommendation that H. O. Hill be desig- 
nated Chairman for the remainder of the 
present term expiring Sept. 30, 1945, and 
a vote of confidence was extended to him. 

As another matter of information, Mr. 
Clark reported that the Committee on 
Outline of Work had decided to appoint 
an Executive Subcommittee to act in an 
advisory capacity to the Outline of Work 
Committee in reviewing and guiding tech- 
nicalecommittee activities in the periods 
betwéen regular meetings of the Outline 
of Work Committee, with the understand- 
ing that matters recommended by the 
Executive Subcommittee are to be sub- 
mitted to the Outline of Work Committee 
for approval by letter ballot. The Chair- 
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man of the Outline of Work Committ. 
subject to the approval of the Commit 
on Outline of Work, at its next meetin, 
is to select the membership of the Fre; 
tive Subcommittee. 


Finances 


The Treasurer reported on the financig 
condition of the Society as of Aug. 3] 
1944, compared with a year ago. Sp 
cifically, he drew attention to the folloy 
ing: 

On income and expense, the dues, a 
vertising and subscription collections are 
considerably greater than a year ag 
the increased expense on JOURNAL ar 
Section refunds is due to increased men 
bership and, to some extent, on th 
JoURNAL because of increased publicati 
costs. 

At the close of the 11-mo. period ending 
Aug. 31, 1944, the actual financial opera 
tions show a betterment over the budget 
of $25,106, as against $16,308 a year ag 
The total combined resources of the § 
ciety as of Aug. 31, 1944, are greater t 
$36,000 than these resources a year ag 


) at 


Report of Section Advisory Committee 


Sustaining Members and Sustaining 
Compantes.—(a) Listing in the Year Book 
of JouRNAL Advertisers under ‘‘Sustaining 
Companies’”—it was the general belie 
that JOURNAL advertisers do not come 
under the category of a Sustaining Mea 
ber or Sustaining Company and, therefor 
the ruling of the Board, authorizing such 
a listing, was rescinded. 

(b) Sustaining Company. It was votec 
To eliminate the term ‘Sustaining Con 
pany” in the listing of companies that pay 
$100 or more for memberships and sele 
therefore a simple statement for the Year 
Book as follows: ‘“‘The following com 
panies are listed as having paid at leas 
$100 per annum for not over 7 member 
ships in the Socrery.”’ 


By-Law Amendments 


The amended Articles, as approve 
are given elsewhere in the JOURNAI 

It was voted that By-Law amend 
recently approved by the Board of D 
rectors be not submitted to the 
membership for letter ballot approva 
until the revamped edition of the By Lav 
containing these changes has been 4 
proved by the Board of Directors 


Disbandment of Connecticut Section ané 
Authorization for Organization of ©¢p° 
vate Sections in Bridgeport and Hartford 
Conn. 


It was voted to grant authorization for 
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Another big rush 
on Long Distance lines 


this Christmas... 


It was a big rush last year. It may 


be even bigger this Christmas. 


So please help keep Long Distance 


lines clear for essential calls on 


December 24, 25 and 20. 


War still needs the wires — even 


on holidays. 


BELL TELEPHONE SYSTEM 
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the organization of a Section in Bridge- 
port, Conn., im accordance with request 
of temporary Chairman, N. B. Gilliland 
dated Sept. 23, 1944, which indicated that 
the required number of members to oper- 
ate as a Section has been obtained. 

Further, it was voted to postpone ac- 
tion on authorization for the organization 
of a Hartford Section pending the receipt 
of a definite request from the temporary 
officers in Hartford for such authorization 
and an indication that the Section has the 
required number of members. 


Appreciation 


Since this was the last meeting of the 
Board of Directors for the current admin- 
istrative year, a rising vote of thanks was 
extended to Mr. Arnott in appreciation 
of his valuable services. 


SUGGESTED REVISIONS TO A.W.S. 
BY-LAWS IN REGARD TO DISTRICT 
VICE-PRESIDENT * 


Article V 


> 


Section 3. A First Vice-President and 
a Second Vice-President shall be elected by 
the Society for a term of one year and 
each may be re-elected at any time, for a 
second term of one year, but in no case 
shall he serve in the same capacity for 
more than two years 

Section 4. The 


District Vice Pye si 


* Approved. 


dents shall be elected by their Districts 
for a term of two years and each may be 
re-elected at any time for a second term 
of two years, but in no case shall he serve 
in this capacity for more than two terms. 
The odd-numbered Districts, viz., New 
York and New England, Southern, Mid- 
Western and Western shall elect their 
Vice-Presidents during odd-numbered cal- 
endar years. The even-numbered Dis- 
tricts, viz., Middle Eastern, Central and 
Mid-Southern shall elect their Vice- 
Presidents during even-numbered calendar 
years. 

(In order to make this plan operative, 
in the year 1945 the Middle-Eastern, Cen- 
tral and Mid-Southern Districts shall 
elect their Vice-Presidents for a term of 
one year, and the other Districts for a 
term of two years.) 

Renumber present Sections 4 to 11, in- 
clusive, as 5 to 12, inclusive. 


Article VI 


Section 4. To facilitate cooperation be- 
tween the Sections there shall be an Execu 
tive Committee in each District which 
shall consist of the District Vice-President 
as Chairman and each Section Chairman 
within that District. 


Section 6. Before January Ist of the 
years when a District Vice-President is 
due for election, the District Vice-Presi- 
dents with the approval of the District 
Executive Committee, shall appoint a 
Nominating Committee consisting of a 


member from each section of the Distries 
The Nominating Committee shal] report 
to the National Secretary not late thar 
March 15th of that year, the name of the 
nomineee they have selected for Vice. 
President, together with the written oo, 
sent of the nominee included in the 
port. 
(Balance of Section not changed 


Article VII 
Section 5. The District Vice-Presideys 


shall be the official representativ: 


the 


Society in his District. He shall hay, 

the following duties: 
(a) To supervise and promote the af. 
fairs of the Socrety in his Djs. 


trict under the direction of the 
National President and >» 
Board of Directors. 

b) To visit the Sections in his Distr 
at least once each year, if at 
possible. 

c) To assist in the organization of ney 
Sections in his District 

d) To represent his District as a men 
ber of the Section Advisory Com. 
mittee. 

e) Toserve as chairman of the District 
Executive Committee. 

f) To serve as a member of the Na- 
tional Board of Directors 

g) To render an annual report to th 
National Board of 


vational 


ict 
all 


Director 


covering the condition of each 
Section wrthin his District 


delays from bottlers. 


carbide supply. 


* Feed Generator today. 


THE Sight Feed GENERATOR COMPANY « SALES: RICHMOND, IND. « FACTORY: W. ALEXANDRIA, 0. 


Your “‘cHANCES” of drawing three aces in a friendly hand 
of Poker are but 1 in 615. But you’re a cinch to draw the 
following top-ranking ‘“‘three of a kind”’ when you purchase 
a Sight Feed Acetylene Generator: 

ap Purer, hotter acetylene gas at savings up to 75%. 


oe All the gas you want, where and when you want it. No delivery 


9 No large-job interruptions, thanks to Sight Feed’s visible 


Yours for the asking are these “‘three aces’’. . . just order your Sight 
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SEVEN “E” FLAGS 

The extensive use of welded construc- 
tion in the building of ships, dry decks 
and storage tanks undoubtedly helped 
us win seven Army-Navy “E” Awards, 
one at each of our plants and yards. 
Its peace-time performance is equally 
laudable. 


CHICAGO BRIDGE & IRON COMPAN 


Chicago 4 
New York 6 
Cleveland 15 


....2455 McCormick Bldg. 
3398—165 Broadway Bldg. 
2282 Guildhall Bldg. 


Birmingham 
Houston 1. . 


1907 North 50th Street 
1654 Hunt Bldg. 
5621 Clinton Drive 


Washington 4 
Philadelphia 3 
San Francisco 5 


Fabricating plants in CHICAGO, BIRMINGHAM and GREENVILLE, PA. 


ADVERTISING 


703 Atlantic Bide. 
1668-1700 Walnut Street 
1097 Rialto Bldg. 


; 
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SIMPLER 
ELECTRONIC 
WELD CONTROL 
MORE EFFECTIVE 


A new Weltronic Weld 
Timer - Contactor - Heat 
Control Combination Unit 
providing a simple, more 
accurate means of provid- 

- ing full electronic resist- 
» ance welder control is now 
available. It incorporates 
* in one floor or wall 
mounted “package’’ unit, 

, a Universal Timer with 
interchangeable control 
panels for any NEMA type 
of timer, a Phase Shift 
’ Heat Control and a Tube 
Contactor, accommodating 
| upto 600 Ampere Ignitron 
Tubes. With this unit any 
/ manually, motor or air 
operated welder can be | 
converted to full electronic | 
control. 

The Heat Control provides 
wide-range, stepless control of 
the welding current by simple 
| dial adjustment. Timing ad- 
| justments are tamperproof yet 
| visible through a plexiglass 
' cover that can be locked. Post- | 

weld control for annealing can | 

be added if desired. Easy to | 
install and maintain—no inter- 
unit wiring required. 


Ask for 
bulletin 
No. 49 


COMPANY 
‘DETROIT 19, MICH. 
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BOARD OF DIRECTORS MEETING, 
AMERICAN WELDING SOCIETY 


Cleveland Hotel, Cleveland, Ohio, 
Oct. 19, 1944 


Present were the following: President 
A. C. Weigel, C. A. Adams, David Arnott, 
H. C. Boardman, W. J. Brooking, R. W. 
Clark, E. V. David, A. F. Davis (repre- 
senting J. F. Lincoln), J. H. Deppeler, 
O. B. J. Fraser, I. Harter, W. F. Hess, 
H. W. Lawson, F. E. McAtee, J. F. Maine 
and H. W. Pierce. By invitation: C. I. 
MacGuffie, Chairman, Manufacturers 
Committee. Also presént: M. M. Kelly 
and W. Spraragen. 


A ppointments 


Secretary and Assistant Treasurer.—It 
was voted that M. M. Kelly be reap- 
pointed Secretary and Assistant Treasurer 
of the Society for the administrative year 
commencing Oct. 19, 1944. 


Committees 


A list of committee personnel recom- 
mended by President Weigel was distrib- 
uted at the meeting. These were ap- 
proved by the Board with the under- 
standing that additions, in each case, 
can be made after consultation with, and 
approval of, the Chairman of the com- 
mittee concerned. Committees approved 
are as follows: 

Executive Committee—A. C. Weigel 
(President), Chairman; I. Harter, Ist 
Vice-President, A.W-S.: W. F. Hess, 
2nd Vice-President, A.WS.; O. B. J. 
Fraser, Treasurer, A.W.S.; H. O. Hill, 
Chairman, Outline of Work Committee, 
A.W5S.; Vice-Chairman, Outline of 
Work Committee, A.W.S.; C. A. Adams, 
Chairman, Welding Research Council; 
or alternate H. C. Boardman, Vice- 
Chairman, Welding Research Council. 

Finance Committee—O. B. J. Fraser, 
Chairman; I. Harter, D. Arnott, E. V. 
David, R. S. Donald, M. M. Kelly. 


Membership Committee.—J. B. Tinnon, 
Chairman; Henry Booth, R. W. Brendle, 
D. H. Corey, A. F. Davis, L. W. Delhi, 
F. C. Fyke, R. L. Kohlbry, T. Lewis, 
J. W. Lucas, G. Schneider, G. N. Sieger, 
J. L. Stover, W. B. Strathdee. 

Committee on Admissions.—O. T. Bar- 
nett, Chairman; J. L. Edwards, J. F. 
Maine, L. S. McPhee. 

Outline of Work Committee—not more 
than three Directors at Large appointed 
by Board of Directors.—O. B. J. Fraser, 
F. L. Plummer, J. L. Wilson. Norte: 
Other members are chairmen of technical 
committees and officers selected by Com- 
mittee. 

Convention Committee.—E. V. David, 
Chairman; Vice-Chairman (Chairman, 
Local Section where meeting is held); 
M. M. Kelly, Secretary; O. B. J. Fraser, 
Treasurer; C. I. MacGuffie, Chairman, 
Mawsufacturers Committee; Vom 
Steezg, Chairman, Program Committee; 
W. Spraragen, Secretary, Program Com- 
mittee; C. J. McDonough, Chairman, 
Publicity Committee; Secretary of Local 
Section where meeting is held. 
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Program Committee —E. Von 
Chairman; W. Spraragen, relars 
L. C. Bibber, D. H. Corey, E. \, Daya 
R. S. Donald, T. C. Fetherston, LaMow 
Grover, G. O. Hoglund, A. 
G. S. Mikhalapov, R. E. Powell, | y 
Sheffer, J. L. Wilson. 


Publicity Committee—C. yy, 
Donough, Chairman; J. L. Stover, Sor 
tary; R. S. Donald, T. C. Fetherstor 
M. L. Smith, G. Van Alstyne, W. Sprars 
gen. 


Steeg 


Manufacturers Committee —C. 1. Mx 
Guffie, Chairman; (Substitution for w R 
Baker); W. H. Bleecker, M.S. Clay 
A. F. Davis, W. H. Hobart, C. |. yp. 
Gregor, N. C. Miller, E. L. Mills wi w 
Reddie, M. H. Rutishauser, E. C. Smith 
L. W. Smith, R. D. Thomas, J. 8. Tinnoy 
G. Van Alstyne, V. H. Van Diver, [. } 
Yates. 


Section Advisory Committee—H, w 
Lawson, Chairman; F. C. Fyke, F 
McAtee, J. F. Maine, W. J. Brooking 
M. A. Barrett, F. A. Longo. 


Publication Committee.—A. G. Oehle 
Chairman; W. Spraragen, Secretary 
C. A. Adams, T. C. Fetherston, F. R 
Hensel, C. I. MacGuffie, Milton Male 
P. W. Swain, G. Van Alstyne. 


Revision of By-Laws Committee.—H. M 
Priest, Chairman; J. J. Crowe, A. B 
Bagsar. 


Educational Committee—J. R. Stitt 
Chairman; W. J. Conley, W. F. Hess 
P. E. Kyle, W. T. Tiffin. 


Public Relations Committee.—H. § 
Smith, Chairman; H. F. Reinhard 
Secretary; J. 1. Banash, A. F. Davis 
J. H. Deppeler, J. O. Jackson, D. § 
Jacobus, C. I. MacGuffie, A. M. Meyers 
E. C. Smith. 


Committee on Awards.—Addition (to re 
place retiring member): F. L. Plummer 
term expiring 1949. Present members 
E. M. T. Ryder, Chairman, term expiring 
1945; A. M. Candy, term expiring 1% 
D. H. Corey, term expiring 1947; G.E 
Doan, term expiring 1948 


Permanent Fund Committee.—Additior 


(to replace retiring member): R 

Thomas, term expiring 1949. Present 
members: A. G. Oehler, Chairman 
term expiring 1945; G. T. Horton, tem 


expiring 1946; I. Harter, term expiring 
1947; J. H. Critchett, term expiring 14 
O. B. J. Fraser, Treasurer, A.W.S 


Special Committees to Be Continued 
Until Completion of Ass‘gnments.—\! 
Special Committee on Handling Requests 
for Foreign Libraries; (2) Special Com 
mittee on Building up Permanent lunes 
(3) Welding Handbook Committce 
Special Committee on Membership Ap 
plication Forms, 


Designation of Officers to Sign CRS 
Notes and Other Document: 
Nature on Behalf of the Soctet) 


It was voted that the Treasure: and 
Assistant Treasurer, and in the absence 
either, the President, be designat 
sign checks, notes and other documents 
of this nature in behalf of the SocisryY. 
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Preset 
mae Top Illustration — Large Ransome 
tele Positioner handling massive 
heavy gear case weldments. 
Pt Above—Ransome Turning Rolls 
ats {1 for hand welding, note conveni- 
Reques ent remote control on top of tank. 
al Com At Right—Ransome Positioner 


t Funds used for welding operation on 


rd is pipe work in shipyard. tion-wide distributor 
: At Extreme Right— Ransome Turn- | izati 
ing Rolls used with automatic — 
welding of a long tank. Write for bulletin 210A 
CRS 
urer @ INDUSTRIAL DIVISION 
MACHINERY COMPANY 
a D ELLEN, JERSEY 
icreTY SUBSIDIARY OF WORTHINGTON PUMP AND MACHINERY CORPORATION 
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Ransome Positioners are 
made in standard sizes 
from 100 Ib. hand- 
operated to 40,000 Ib. 
power-operated « * * 
available through a na- 
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ELECTRODE @ 


@ At a time when welders need superior 
equipment, CESCO announces a new, improved 
line of welding helmets. 

These newly designed helmets are sturdier 
and simpler and have many fool-proof features. 

Safety engineers give them unqualified ap- 
proval. Welders who have tested them say they 
can’t be beat for comfort. (That’s an ‘‘earmark’’ 
of all CESCO head and eye safety equipment. 


AVAILABLE 
NOW! 


Increased pro- 
duction permits 
offering these 
helmets immedi- 
ately. Write 
today for your 
copy of CESCO'S 
NEW Welding 
Catalog... just off 
the press. 


CHICAGO EYE SHIELD CO. 


2333 Warren Boulevard @ Chicago 12, Illinois 
TOOL AND ENGINEERING CO. 
Whittier Blvd. 


FOR SAFETY 
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‘ 
6% 02.-200 Amperes 
Holder — Weight 1: ounces — 
| 
Los Angeles 23, California 
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ADDRESS FOR PRESENTATION OF 
ORDNANCE DISTINGUISHED SERVICE 
AWARD TO: AMERICAN WELDING 
SOCIETY, CLEVELAND, OHIO, 
OCTOBER 16, 1944 


By Colonel Scott B. Ritchie* 


PRESIDENT ARNOTT, MEMBERS OF THE 
AMERICAN WELDING Society, LADIES 
AND GENTLEMEN: 

I have always appreciated the oppor- 
tunity and the privilege of participating 
in meetings of the AMERICAN WELDING 
SOCIETY Today, I have the great honor, 
the extremely pleasant assignment, to 
represent the Chief of Ordnance, Major 
General L. H. Campbell, Jr., in presenting 
to the AMERICAN WELDING Society the 
Ordnance Distinguished Service Award. 
General Campbell has asked me to ex- 
press to you his deep regrets on his inabil- 
ity to be here in person on this auspicious 
occasion. I bring you his sincere appre 
ciation and the thanks of the entire 
Ordnance Department for the work you 
have done in peace and in war. 

Phe Ordnance Department has always 
been aware of the pre-eminent importance 
of research and development for national 
defense. Unfortunately, during the peace 
years preceding this war, the lack of suf- 
ficient funds held back this important 
phase of Ordnance activity. Sometimes 
during the lean years of peace, the appro 
priations for the operation of the entire 
Ordnance Department ran as low as seven 
million dollars a year. 
takes a to develop a new 
weapon, but the development never ceases 
The tank and the airplane were in their in- 
fancy in the last war. 
tion today 
sight 


It has been said it 
generation 


Consider their posi 
and yet the end is nowhere in 
During the past few years, Ordnance 
development has been miraculously swift. 
The bazooka, the high-speed tank-destroy 
ing gun motor carriages, the new tanks 
carrying superior armor and armament, the 
high-velocity long-range artillery and the 
ati-aircraft stratosphere cannon, the su- 
perb small arms weapons, the amphibious 
vehicles essential for landing operations 
these are some of the items now in the 
hands of our troops driving the enemy to 
destruction. But between the birth of 
some of these weapons and their present 
prototypes, lie 25 or more years of con 
tinuous development 

This great accomplishment: placement 
in the hands of our troops of the best 
weapons to be provided under the existing 
state of the arts and sciences in sufficient 
quantities and on time—this could not 
have been done without the active and 
patriotic cooperation and assistance of 
science and industry. It has been well 
done by the Ordnance-Science-Industry 
Team. And what does this mean? It 
assures victory, but more than that—it 
means victory sooner than would be the 
This, 
means less destruction of the 
world’s goods, fewer dollars from the tax- 
payers, and—of supreme importance 
fewer American lives to be sacrificed in the 
cause for which we are all fighting 

The AMERICAN WELDING SocIety has 
had a part in this mission for which it 


case with less effective equipment 
in turn, 


* Office, Chief of Ordnance, Washington, D.C 


Its activities have 
spectacular; the 
accomplishments, however, are real and 
substantial. During the past 25 years, the 
Society has helped to carry the torch of 
research and 


may take just pride 


not necessarily been 


development, particularly 
fundamental research in welding, which 
has made possible the application of weld 
ing successfully in the weapons we are now 
using. Research has always been a part of 
WELDING Socrety activity. For the 
past nine years, this work has been carried 
out by the Welding Research Council, 
sponsored by the Society. The Council 
gathered into its fold a goodly number of 
the leading research talent of this country 
It established cordial relations with a 
similar body working in Great Britain 
It anticipated many of the problems that 
would confront the Ordnance Department 
in time of war. It did its best to get essen 
tial work started. When government 
agencies were formed, the Council placed 
itself at the disposal of these agencies 
It helped them get started and then 
gracefully released projects and research 
facilities. Members of the Council have 
served effectively on Advisory Commit- 
tees to government sponsored projects 

Your Society has also constituted a 
forum for dissemination of information 
which has contributed to the advancement 
of the art in industry, upon whom fall the 
burden of production, and who so ably 
have applied the processes of welding to 
that production—while maintaining a level 
of quality to meet rigid service require 
ments 

A very useful service performed by the 
Welding Research Council was in the 
critical digest of literature, and in making 
available in readily usable form the in 
formation which existed in the literature 
of the world, scattered in many journals 
and published in several languages 
These documents have been widely used. 
They formed original sources of informa- 
tion on the welding of armor and special 
alloy steels. 

As a result of all this knowledge, we 
have been able to use welding in produc- 
tion work to a far greater degree than our 
enemies. Our quality has far surpassed 
theirs 

The Ordnance 
research and 
directly 


Department conducts 
development on matters 
affecting Ordnance matériel 
We must lean however on science and in 
dustry to conduct industrial research by 
which Ordnance benefits in the improve 
ment of Ordnance matériel. But, even 
more important, is the industrial research 
which facilitates mass production when 
crises arise. The AMERICAN WELDING 
SocreETY over the past 25 years has made 
phenomenal progress in this direction. 
It was instrumental in organizing welding 
research and development for war, a con- 
tribution which is now being felt in the 
excellence and quantity of our matériel 
engaged in battle. It is largely because 
of the research sponsored by the AMERICAN 
WELDING Society that the Ordnance De- 
partmént has been able to provide the 
quantity and quality of weapons required 
to win this war. 

Inspection has been a major problem of 
the Ordnance Department. Tremendous 
expansion in the amount of welding in 
Ordnance matériel during the past few 


years intensified this problem, 
further aggravated by the dit 
providing qualified Ordnance 
familiar with the art of weldin, 
defects which might occur. Yor 

in cooperation with the Ordnan 
Committee, prepared an Ordnar 
tion .Vanual for Metal Arc Weld f 
by Ordnance Department inspx 
sonnel. This manual will do 
overcome the lack of general w 
formation in Ordnance inspect 
have assisted the Ordnance De; 
particularly in standardization, 
nomenclature, drawing symbols a 
fications. Outstanding in the 
tion of the AMERICAN WELDING 
to Ordnance has 
efforts of its 


been the iy 


members, notabl) 


industrial members who have 
sponsibility for welding in prod 
In some instances, such individ 


representatives of the AMERICAN \ 
WELDING Society have spent 
periods of time in Ordnance ag 
assisting in the solution of Ordnan 
lems without compensation or « 
the government. In many oth 
your Society has played its role ir 
effort with great credit and dist 
When it was formed 25 years ago 


as we know it today was in its inf 


The Society has instrum 

bringing welding to its present hig! 
of perfection. The results of all tl 
forts are measured in the firepow 
mobility, the success of welded vy 
now on the field of battle 


been 


quality and procurement 


Those of us who are charged with 


of Ameri at 
weapons, and of keeping ahead of 


enemy, must look always to the future, to 


long-range scientific 


planning. In 


the 


future, there will be no ocean barriers 


time and distance as we know them will be 


abolished Through the most 


critical 


times in this war, the Ordnance-Science 
Industry Team worked together magni 


ficently. The AMERICAN WELDING 
CIETY was an essential clement in 
Team Now—with peace, we hope, 


the near future 


that 


we must pledge ourselves 


to keep the Team together in the years to 


come 


We are ahead, but we must make 


sure that continuing research and develo; 


ment will keep us always ahead. Th 


place us in the strongest position t 
Only in that way 


vent a future war. 
we be assured that the peace for wh 
are striving will endure. This 5 


we 


has cooperated with the Ordnance Depart 


ment in an outstanding mantet 


yery 


request on our part to your Secretary's 


office has received expeditious atte! 
We trust this splendid spirit of coopera 


tion and assistance will continue 


Now, I should like to read the citation 


“Ordnance Distinguished Service 
presented to the AMERICAN 


A ward 


WELDING 


SocIETY in recognition of outstanding anc 


meritorious engineering advisory s¢ 


in war and peace, for the develop 


maintenance of 
Award 


manufacture and 
nance matériel 
July 1944.” 


It is a great honor for me to have 


authorize: 


privilege of presenting to the AME! 


WELDING Society the 
tinguished Service Award 


Ordnance 


vices 
ent, 
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Irhas always been the policy of the Metal & Thermit Corporation to pay 
special attention to the development of electrodes for welding special 
steels. Murex Carbon Moly. 50, Molex and Type M, for example, are 
outstanding in their performance for welding carbon-molybdenum steel 
plate, castings, high pressure, high temperature piping and pressure 
vessels. Murex R.C. and C.F., for the repair and welding of air-hardening 
steel castings are among the electrodes developed to meet the needs 
of war production. 

As the electrode requirements of fabricators change with the advent 
of industrial conversion, suitable Murex Electrodes will be available. 


PROVIDING HEAT AND FRESH AIR FOR OUR COMBAT 
VESSELS, these heating units, produced by 
McQuay, Inc. of Minneapolis, must be rugged to 
withstand gunfire shock and near miss bomb 
concussion. To combine sturdy construction with 
light weight, welded construction using Murex 
Electrodes was adopted for the heater casings, 


GUGE TURBINES FABRICATED WITH MUREX ELECTRODES by S. Morgan Smith Company, worlds 
largest exclusive turbine builder. The illustration shows welding of a three-way branch inlet 
of a Vertical Impulse Turbine. Advantages of arc welding are: elimination of possible defects 
of complicated castings; less metal used; figuring of exact weights possible, thus enabling 
manufacturer to _keep.within estimates. Down-hand Murex Electrodes are used. 


4 
af 


PRESSURE TANKS FOR HIGH OCTANE GAS, produced in quantity by The 
Bigelow Company of New Haven, Connecticut, are welded with low 
alloy Murex Electrodes to withstand pressures of from 100 to 600 pounds. 
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THIS 7/2-TON STEEL CYLINDER or an 800-ton 
hydraulic press developed a crack 20 inches long 
and after preparation for welding 3 inches wide, 
and from to inches deep. Preheated 9 
hours at about 700° F., this temperature was main- 
tained during 17 hours of continuous welding 
with Murex “Type F !4 inch rods. The Detroit & 
Cincinnati Welding Company report that cylinder 
wall distortion was only about .0015” and that 
the flange moved only .004”’. 


ARC WELDING ELECTRODES 


=120 Broadway, New York 5, N. Y. 


ALBANY CHICAGO + PITTSBURGH 
SOUTH SAN FRANCISCO + TORONTO 


Speciolists in weiding for nearly 
forty yeors. Manufacturers of 
Murex Electrodes for arc welding, 
and of Thermit for repoir and fab- 
rication of heavy ports. 
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ACCEPTANCE OF ORDNANCE 
DISTINGUISHED SERVICE AWARD 


By President David Arnott 


COLONEL 
MEN: 


Rircuig, LADIES AND GENTLE- 


It gives me great pleasure to accept the 
Ordnance Distinguished Service Certifi- 
cate on behalf of the AMERICAN WELDING 
Society. It is particularly appropriate 
that this coveted award should have been 
presented by such a distinguished official 
of the Ordnance Department as Colonel 
S. B. Ritchie who has been associated 
with this Society for a number of years and 
has first-hand knowledge of its activities. 

The AMERICAN WELDING SOCIETY was 
the outgrowth of certain welding research 
activities started during the last war pri- 
marily for the shipbuilding industry and 
since its inception, 25 years ago, has 
labored diligently to put welding on a 
sound scientific basis. 
recognized as one of our greatest produc 
tion tools without which our unprece- 
dented production of ships, ordnance, 
airplanes and other war equipment would 
have been absolutely impossible. Tech- 
nological progress is intensified under the 
stimulus of wartime necessities and the 
advances made in all branches of the 
welding industry during the last few years 
cannot but be beneficial when the time 
comes to get back to our ordinary peace- 
time pursuits which we all hope will be 
soon. 


Welding is now’ 


It is the men of the industry who have 
been responsible for the advancement of 
welding and the AMERICAN WELDING 
SoOcIETY is merely the mechanism set up 
by the industry for insuring through co- 
operative effort that. progress is made 
along technical and scientific lines. I feel, 
therefore, that this award is in a sense a 
tribute to the entire welding industry. 

Colonel Ritchie, I wish to thank you 
again for presenting this Distinguished 
Service Certificate which will be treasured 
among the archives of the Society and 
would ask you to convey to General 
Campbell and your associates in the 
Ordnance Department our very grateful 
appreciation 


AWARD FOR WELDING* 


A highlight of the Annual Meeting of the 
AMERICAN WELDING SOCIETY was the 
presentation by the Army of its Ordnance 
Distinguished Service Award to the 
Society outstanding contributions 
to ordnance progress during the war.’ 

This richly deserved tribute came at a 
time when the members of the WELDING 
Society, fully conscious of the greatly ex- 
panded role of welding in the present war, 
were looking forward to further research 
into problems yet to be solved. This com- 
mendable attitude of not resting upon 
present laurels was voiced by President 


* Editorial published by E. L 
in-Chief, Steel, Oct 


Shaner, Editor 


issue 


23, 1944, 


David Arnott when he pointed oy; 
“with the great extension in mo 
ing techniques have come probl:: 


must and will be solved.” 


amount of research work is nec: 


to keep pace with 


current developments, 


exploratory work into new field<« 


When the 


ing factor in the 


war is finished 
look back in retrospect at the pt 
achievements of the past few years, 
be clear that welding has been an out 


‘arsenal of democracy.” 


1945 FOUNDRY CONGRESS 
HELD IN DETROIT APRIL 30TH-MAY 47x 


Announcement has been mack 
American Foundrymen’s Associat i 


the 1945 Foundry Congress, the 4% 


nual meeting of the 


May 4th 


4th War Production 


and the program is being planned to 
the necessity of continued high producti 
Foundry Industry even thoug! 


by the 


Association, 
held in Detroit the week of April 30t) 
The event is announced as t} 


Foundry 


we 


A tr 

ary just 

the unprecedented 
to say 1 thing of 
and one car 
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1t wil) 

stand 

success of America 
TO BE 


DY th 
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ia 
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ngres 


““V-E Day” may precede the event itself 
It is expected that a number of impor 


tant technical papers will be present: 


al 


the meeting by outstanding metallurgist 
and operating men of the automotiv 


dustries 


centering in 
Many important developments in foundry 


the 


Detroit 
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Arcing is eliminated at the contact tips of 
SYNCRO-BREAK contactors by separately energizing 
the magnet “‘shading coil’’ from a transformer 
and rheostat circuit. Correct rheostat adjustment 
causes the contacts to part as the alternating 
current wave approaches zero. Thus, the contactor 
interrupts zero current and no arc is drawn. 


Elimination of arc heat at contacts increases 
allowable ratings and contact tip deterioration is 
reduced substantially. Rheostat adjustment is not 
critical and synchronization remains stable over 
long periods of usage. 


Among the important mechanical design fea- 


tures which assure long, trouble-free service are: 
Hardened, knife-edge bearings for long life with- 
out lubrication. Solid contact supports to conduct 
away heat and relieve contact studs from impact 
strain. Low inertia moving parts and short contact 
gap, permitting consistent high-speed operation. 


FOR FULLY AUTOMATIC CONTROL OF RESISTANCE WELDING MACHINES 


Use Safront Weld or Sequence Timets with SYNCRO-BREAK Contactors or HIGH-SPEED Contactors. 


Available in 18 NEMA 
standard types with sep- 
crate pneumatic timing 
relays for each step of 
the welding cycle. All 
electrically enemgized 
ports are placed behind 
© protective panel. Cali- 
brated timer dials are 
adjusted from the front. 


Notice attractive new 
flat-door cabinet con- 
struction which harmo- 
nizes with Safront timers. 
This design allows more 
interior wiring space 
without increasing over- 
all outside dimensions. 
Syncro-Break contactors 
are single pole only. 


Available in either single 
or double pole, employ- 
ing the same contactor 
construction as the 
Syncro-Break. High- 
Speed contactors without 
the synchronizing circuits 
are applied where op- 
eration is less frequent 
end loads are lighter. 
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practice have been made in connection 
with the tremendous war production ef- 
forts of the auto manufacturers. In ton- 
nage of castings produced, Detroit has 
become one of the greatest foundry cen 
ters in the country and, censorship per- 
mitting, the availability of many plants 
for inspection trips by visiting foundrymen 
will add greatly to the interest of this 
meeting. 


Each branch of the castings industry 
will be represented in the Technical Pro- 
gram, with major emphasis placed on non- 
destructive testing methods, sand practice, 
melting operations and other phases of 
foundry work of greatest value to wartime 
industry. A feature will be the presenta- 
tion of the 3rd A.F.A. Foundation Lecture, 
to be presented by Dr. H. A. Schwartz, 
Manager of Research, National Malle- 
able and Steel Castings Co., Cleveland, 
on ‘‘Solidification of Cast Metals.’’ Dr. 
Schwartz is internationally known for his 
basic research in metallurgical fields and 
the fundamental nature of his lecture 
should have universal appeal 


No exhibit is planned in connection 
with the 1945 meeting in Detroit, in view 
of the fact that the equipment and supply 
industry is expected to concentrate on 
plans for the 50th Anniversary Foundry 
Congress and Foundry Show of the Asso- 
ciation, to be held in 1946. 


ENGINEERING 
INFORMATION 


BETTER WELDING 


This New Engineering Bulletin contains important technical 
information that may save you time, labor and money on 
Learn how to keep welding jigs free 
how to save mill-scale cleaning time after nor- 
etc. etc. Contains actual 
case histories and laboratory authenticated oe Write 


many welding jobs. 
of spatter; 
malizing; how to reduce fumes; 


for your copy now. 


WELDING SUPPLY DISTRIBUTORS AND SALESMEN WANTED 


The MIDLAND PAINT & VARNISH CO. 


CLEVELAND 5, OHIO 


9126 RENO AVENUE 


METALLOGRAPHY AND HEAT-TREAT- 
MENT OF STEEL 


By Ernest J. Teichert, 
Metallurgy Extension, 


Supervisor of 
The Pennsylvania 


State College; currently Metallurgist, 
E. G. Budd Manufacturing Co. New 
second edition. The third of a series of 
three texts providing comprehensive, 


workable and usable information covering 
the entire field of Ferrous Metallurgy. 
The book includes the fundamentals of 
metallography, X-ray, gamma ray and 
magnetic testing. It treats the constitu- 
tion of metallic alloys and pays special at- 
tention to the iron-carbon diagram and 
the heat treatment of plain carbon and 
alloy steels and steel castings. Special 
attention is given to the National Emer- 
gency steels and to the specific effects of 
the alloying elements in steels. Price 
$5.00. McGraw-Hill Book Co., 330 West 
42nd St., New York 18, N. Y. 


SUPERIOR FLUXES 


A new catalog describing the complete 
line of ‘‘superior” Fluxes is announced by 
Superior Flux Co., 913. Public Square 
Building, Cleveland, Ohio. Included in 
the line are 20 fluxes for welding, brazing, 
silver soldering, soft soldering and low- 
temperature alloy welding of ferrous and 
nonferrous metals and alloys. 


BRASS maxes BULLETS 


REGO Gas Plant Equipment to be 
safe, must be made of brass and 


Fluxes for silver soldering an 
operations are offered in both paste { 
and powder form. Different fi 
available for welding, brazing and sojq 
ing all forms and alloys of aluminum. fo, 
cast iron and for copper there ; 
welding and brazing fluxes, and fo; 
less steel there are welding and solder; 
fluxes. 

For each flux listed there is included g 
detailed statement of its characteristics 
and a full schedule of list prices. The 
catalog is attractively printed in ty, 
colors and has been arranged for easy 
selection of the correct flux for any jy 
dividual application 


OBITUARY 


William M. Crighton, 42, husband of 
Mrs. Agnes (Wanless) Crighton, of 3; 
Rawson Rd., North Quincy, Mass,, 
marine surveyor associated with th 
American Bureau of Shipping in Bosto; 
died September 3rd at his home. Bor 
in Dundee, Scotland, son of John an 
Annie (MacLachlon) Crighton, he ha 
been a Quincy resident for 18 yr 

A member of the Masonic order, he als 
belonged to the AMERICAN WELDING 
Society and the Propeller Club. 

Besides his wife he leaves two daughters 
Agnes and Marcia Crighton 
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You may not get more. 
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BASIC TRAINING. More than 20,000 welders have sparked 
their careers in Arc Welding by getting the sound founda- 
tion afforded by the Lincoln Welding School. 120 hours of 
continuous practice in latest techniques under leadership 
of world-famous instructors. In addition special courses are 
rt offered in the welding of alloys, pipe and sheet metal. Full 
spon details in Bul. 416. 
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PRACTICAL POINTERS. The Lincoln “Stabilizer” magazine, 
packed full of “how to weld it” facts, reported by welding 
operators themselves, helps more than 100,000 ‘‘Men- 
Behind-The-Mask”’ find intelligent solutions to all kinds 
of production and maintenance problems. Sent free to weld- 
ing operators who request it. 


“INTELLIGENT SOLUTION,” Ze cays 


LOOK, CAPTAIN, how these examples of Lincoln Service help 
intelligently to solve problems in all phases of arc welding application: 


THE LINCOLN ELECTRIC COMPANY «+ Cleveland 1, Ohio 
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ENGINEERING SCHOOLING. An advanced course in welding 
engineering for shop supervisors, engineers, designers and 
executives. Held regularly in Cleveland at Lincoln plant. A 
valuable “‘eye opener”’ for ways to improve products and 
cut costs. 5 days’ instruction by nationally prominent 
authorities. Write for details and schedule of dates. 


LIBRARY OF KNOWLEDGE. The world’s leading books on 
all phases of Arc Welding. A total of 4911 pages of authentic 
facts and studies gathered by experts in all industries the 
world over. Total price of all 7 books only $7.50 C.O.D. 
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practice have been made in connection 
with the tremendous war production ef- 
forts of the auto manufacturers. In ton- 
nage of castings produced, Detroit has 
become one of the greatest foundry cen- 
ters in the country and, censorship per- 
mitting, the availability of many plants 
for inspection trips by visiting foundrymen 
will add greatly to the interest of this 
meeting. 


Each branch of the castings industry 
will be represented in the Technical Pro- 
gram, with major emphasis placed on non- 
destructive testing methods, sand practice, 
melting operations and other phases of 
foundry work of greatest value to wartime 
industry. A feature will be the presenta- 
tion of the 3rd A.F.A. Foundation Lecture, 
to be presented by Dr. H. A. Schwartz, 
Manager of Research, National Malle- 
able and Steel Castings Co., Cleveland, 
on ‘‘Solidification of Cast Metals.”’ Dr. 
Schwartz is internationally known for his 
basic research in metallurgical fields and 
the fundamental nature of his lecture 
should have universal appeal 


No exhibit is planned in connection 
with the 1945 meeting in Detroit, in view 
of the fact that the equipment and supply 
industry is expected to concentrate on 
plans for the 50th Anniversary Foundry 
Congress and Foundry Show of the Asso- 
ciation, to be held in 1946. 


ENGINEERING 
INFORMATION 


METALLOGRAPHY AND HEAT-TREAT- 
MENT OF STEEL 


By Ernest J. Teichert, Supervisor of 
Metallurgy Extension, The Pennsylvania 
State College; currently Metallurgist, 
E. G. Budd Manufacturing Co. New 
second edition. The third of a series of 
three texts providing comprehensive, 
workable and usable information covering 
the entire field of Ferrous Metallurgy. 
The book includes the fundamentals of 
metallography, X-ray, gamma ray and 
magnetic testing. It treats the constitu- 
tion of metallic alloys and pays special at- 
tention to the iron-carbon diagram and 
the heat treatment of plain carbon and 
alloy steels and steel castings. Special 
attention is given to the National Emer- 
gency steels and to the specific effects of 
the alloying elements in steels. Price 
$5.00. McGraw-Hill Book Co., 330 West 
42nd St., New York 18, N. Y. 


SUPERIOR FLUXES 


A new catalog describing the complete 
line of ‘‘superior’’ Fluxes is announced by 
Superior Flux Co., 913 Public Square 
Building, Cleveland, Ohio. Included in 
the line are 20 fluxes for welding, brazing, 
silver soldering, soft soldering and low- 
temperature alloy welding of ferrous and 
nonferrous metals and alloys. 


Fluxes for silver soldering and 
operations are offered in both paste for» 
and powder form. Different f 
available for welding, brazing and soja 
ing all forms and alloys of aluminu 
cast iron and for copper there are joys, 
welding and brazing fluxes, and fo; , 
less steel there are welding and s Idering 
fluxes. 

For each flux listed there is included , 
detailed statement of its characteristics 
and a full schedule of list pric The 
catalog is attractively printed in two 
colors and has been arranged for easy 
selection of the correct flux for any jn 
dividual application 
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OBITUARY 


William M. Crighton, 42, husband of 
Mrs. Agnes (Wanless) Crighton, of 35 
Rawson Rd., North Quincy, Mass, a 
marine surveyor associated with the 
American Bureau of Shipping in Boston 
died September 3rd at his home. Borp 
in Dundee, Scotland, son of John and 
Annie (MacLachlon) Crighton, he had 
been a Quincy resident for 18 yr 

A member of the Masonic order, he als 
belonged to the AMERICAN WELDING 
Society and the Propeller Club 

Besides his wife he leaves two daughters, 
Agnes and Marcia Crighton 


BRASS maxes BULLETS 


REGO Gas Plant Equipment to be 


[* BETTER WELDIN safe, must be made of brass and 


This New Engineering Bulletin contains important technical 
information that may save you time, labor and money on 
many welding jobs. Learn how to keep welding jigs free 
of spatter; how to save mill-scale cleaning time after nor- 
malizing; how to reduce fumes; etc. etc. Contains actual 
case histories and laboratory authenticated oe Write 


for your copy now. 


WELDING SUPPLY DISTRIBUTORS AND SALESMEN WANTED 


The MIDLAND PAINT & VARNISH CO. 
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“INTELLIGENT SOLUTION,” Ze says 


LOOK, CAPTAIN, how these examples of Lincoln Service help 


intelligently to solve problems in all phases of arc welding application: 


BASIC TRAINING. More than 20,000 welders have sparked 
their careers in Arc Welding by getting the sound founda- 
tion afforded by the Lincoln Welding School. 120 hours of 
continuous practice in latest techniques under leadership 
of world-famous instructors. In addition special courses are 
offered in the welding of alloys, pipe and sheet metal. Full 
details in Bul. 416. 
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PRACTICAL POINTERS. The Lincoln “Stabilizer” magazine, 
packed full of “how to weld it” facts, reported by welding 
operators themselves, helps more than 100,000 ‘‘Men- 
Behind-The-Mask”’ find intelligent solutions to all kinds 
of production and maintenance problems. Sent free to weld- 
ing operators who request it. 


ENGINEERING SCHOOLING. An advanced course in welding 
engineering for shop supervisors, engineers, designers and 
executives. Held regularly in Cleveland at Lincoln plant. A 
valuable “‘eye opener’ for ways to improve products and 
cut costs. 5 days’ instruction by nationally prominent 
authorities. Write for details and schedule of dates. 


LIBRARY OF KNOWLEDGE. The world’s leading books on 
all phases of Arc Welding. A total of 4911 pages of authentic 
facts and studies gathered by experts in all industries the 
world over. Total price of all 7 books only $7.50 C.O.D. 
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PROGRESSIVE WELDER EXPANDS 
ORGANIZATION 


As a result of the tremendous increase 
in both potential uses and demand for re- 
sistance welding created through develop- 
ment of the new P.W. line of welders op- 
erated by storage batteries, Fred H 
Johnson, President, Progressive Welder 
Co., 3050 E. Outer Drive, Detroit 12, has 
announced a major expansion in the 
company’s organization. 

According to the announcement, John 
D. Gordon, formerly General Manager of 
Taylor-Winfield Corp., and recently Ex- 
ecutive Assistant to the President of 
Federal Machine and Welder Co. has 
joined P.W.C. in the capacity of General 
Sales Manager, directing the activities of 
both the Field Sales organization, now 
headed by E. J. Del Vecchio, formerly As 
sistant Sales Manager of Taylor-Winfield 
and the “‘local”’ sales organization headed 
by Harry J. Rose, formerly Chief Engi- 
neer at Progressive. 

K. Swanson, formerly Chief Engineer 
of Federal Machine and Welder has 
joined Progressive Welder Co. in the same 
capacity, while W. Kaiser, formerly De- 
velopment Engineer with National Welder 
Co. will assist on further development 
and application engineering on the new 
battery welder line. 

To L. M. Benkert’s former responsibili- 
ties as Plant Manager of Progressive 
Welder has been added the supervision 
of Service and Service Engineering. 


NO ROD WASTE. Takes rods trom Hest 


Added to the sales organization also are, 
T. E. Kirchner, formerly Applications 
Engineer with E. J. Budd Mfg. Co., and 
J. A. Gable, Electrical Engineer, who has 
been assigned to the Field Sales engineer- 
ing staff. 

Mr. Gordon, one of the best-known ex- 
ecutives in the Resistance Welding field, is 
a past Director of the R.W.M.A. General 
Manager of Taylor Winfield since 1937, 
he left that organization in February of 


John D. Gordon 


to 1 4in. 


Vice grip holds in all positions. No need to bend rod and 
destroy flux. Release lever ponent wick and easy rod 


change-over. 


SAFER WELDING. “High-test, heat resist 
ing, eliminates accidental flashes, spoilage of work. 


sonably priced. 


DEALERS —Seversl attractive ‘still open, for 
distributors. Write tactory for details. 


HARWORTH MANUFACTURING co. 


9731 S. W. CAPITOL HIGHWAY - PORTLAND 1, OREGON 
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1943 to take over the management of four 
plants—2 in St. Louis and 2 in Calif, rnia 
for Pomona Pump Division, Joshua Hendy 
Iron Works. In May of this year Mr 
Gordon decided to return to the welding 


industry and joined Federal Machi; 


le and 
Welder Co. as Executive Assistant to the 
President in Warren, Ohio. His belie: 


that “‘storage-battery welding,” as 
veloped by P.W.C., is the answer to mor, 
universal usability of Resistance \ 
processes is largely responsible for his ¢¢ 


cision to join P.W.C., according to M; 


elding 


Gordon, who said that his joining Pro 
gressive had been under discussion sing 
1943 when P.W.C. produced its first ex 


perimental battery welder. 


DIE CASTERS TO GET ARMY AWARD 


The American Die Casting Instit; 
received the Ordnance Distinguished Ser 
vice Award in recognition of its contriby- 
tion to the war effort. Major General L 
H. Campbell, Jr., Chief of Ordnance 
notified the Institute on August Ist that 
it had been honored with the 
guished Service Award of the Ordna: 
Department because of ‘‘outstandi: 
contributions to Ordnance progr 
the war.’’ 

General Campbell specifically noted : 
“scientific and engineering achievement 
of the die casters according to Day 
Laine, associate secretary of the Institut 
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NEW G-R MODEL 10 


SPECIFICATIONS: 


input: Operates on either 110 or 220-volt single phase, 50-60 
cycle a.c. Input at maximum load is 27 amps @ 110 V.; 13.5 
amps @ 220 V. Use 30 A. fuse. 


Output: Open circuit voltage is 80; welding current (amperage) 
range is 10 to 100 amperes at 30 volts. Rated one-half hour, 
75 amperes at 30 volts (U /L). 

Dimensions: 33” high, 15” wide and 15” long (overall). Net 
weight, 220 Ibs. 


OTHER G-R MODELS 


General purpose G-R manual welders include Mode! 15 (10-135 
amps); Model 20 (10-175 amps); Model 25 (15-230 amps) and 
Model 35 (15-330 amps). G-R Heavy-Duty Industrial Models avail- 
able in capacities to 2,700 amperes. Power factor correction and 
G-R Volt-O-Matic control available for all models. 


FOR SATISFACTORY 
USE ON A 110-V LINE! 


@ Opening many new, practical applications 
for the speed and economy of a.c. welding, 
the new G-R Model 10 has a range of 10 to 
100 amperes and operates satisfactorily from 
the ordinary 110-volt supply line. 


Fully Power factor Corrected 


Reliable built-in G-R power factor correction 
provides unity power factor at maximum load; 
“wide open,"’ the unit draws less than 30 am- 
peres at 110 volts. Dual-voltage primaries also 
permit operation on 220-V. lines, with a maxi- 
mum input of less than 15 amperes. 


Duty Construction 

The Model 10 is identical in everything but size 
to the high-amperage G-R industrial welders 
serving 24 hours per day in shipyards and fab- 
ricating plants. It is designed for steady pro- 
duction welding, with every G-R construction 
feature to assure safe, reliable and long-lived 
performance. 


Wide Application 

In addition to production welding within its 
range (it handles %” rod with good penetra- 
tion), the Model 10 is ideal for all types of 
maintenance work, field welding, construction 
and erection jobs where 110-volt a.c. power is 
available. It is ideal for low-cost production- 
line welding on light angle frames and sheet 
metal housings for refrigerators, furnaces and 
hundreds of postwar consumer products. 


See your G-R Distributor for full information, or write to... 


STOO £—. TENTH STREET* OAKLAND 1, CALIFORNIA 
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who stated that the Award would be pre- 
sented at the Institute's Annual Meeting 
at the Edgewater Beach Hotel in Chicago 
on November 15th 

‘This award is an honored recognition 
of a most unusual effort,’’ said Mr. Laine, 
“in that the American Die Casting Insti 
tute is an association of die castings manu- 
facturers rather than a purely technical or 
engineering society. This is an instance 
where a group of manufacturers cooper- 
erated to overcome critical shortages in 
aluminum, magnesium and zine and tech- 
nical limitations by virtually changing 
overnight the whole structure of engineer 
ing and metallurgical standards that had 
previously been employed.”’ 

In 1941 there was a shortage of high 
pressure casting machines, a very critical 
shortage of primary aluminum and mag- 
nesium for producing die castings and a 
shortage of 99.99+ zinc so great that none 
was to be allotted to die casting. 


STAINLESS STEEL ELECTRODES 


A new informative book on Page- 
Allegheny Stainless Steel Welding Elec 
trodes was recently issued. In addition to 
suggestions on how to select the proper 
electrode for welding stainless steels, it 
includes much helpful information on 
welding procedures and recommendations 
The first section is devoted to a discus- 
sion of the conditions encountered in weld 


ing stainless steels. It covers such sub- 


For Better and Easier Welding 


DUCTONE AC 


(E6011 and E6013) 


WELDING RODS 


Prompt delivery can be made on DUCTONE AC rods, the elec- 
trode that has been designed especially for AC welding. ; 


‘sheet metal. Excellent for vertical and 


- DC positive polarity. Extruded all sizes 


See your dealer. 
“Territories Available for Distributors 


DUCTONE 


Chicago Steel and Wire Co. 
103rd St. and Torrence Ave. 


jects as carbide precipitation, distortion or 
warping, effect of heat on the base metal, 


butt joint design, preparation of joints, 
and welding dissimilar metals, as well as a 
chart showing recommended electrodes for 
different types of stainless steel. 

The second section gives detailed infor- 
mation on the several types of electrodes 
including application recommendations, 
physical properties and chemical com- 
position of the weld metal, current range 
and sizes and packing. 

Copies of this book may be obtained by 
writing to Page Steel and Wire Division of 
American Chain & Cable Co., Inc., 
Monessen, Pa. 


RFPORT OF THE 1943 - 44 EDUCA TIONa, 
COMMITTEE 


At the time of issuance of thy Annual! 
Report on the activities of th: CIET 
for the year ending September ; 1944 
the report on the activities of the Educa 


tional Committee was not complete. fo, 
the information of the member 
Society there is given below a brief a 
count of this committee’s work dy; ing the 
past year and its plans for the coming year 

The duties of this Committee have bee; 
defined as follows: ‘‘An Educational Coy 
mittee whose duties shall be to s: 


of the 


imutlate 
and promote educational activiti per 
suant to the aims and purposes of thy 


Society.” It had further been specif 
cally suggested to last year’s Educationa 
Committee by the Executive Board oj 
the AMERICAN WELDING Soctery that 
Subcommittee of the Educational Com 
mittee be appointed to prepare copy for a 
prospectus for the engineering colleges 
and authors of standard textbooks 1 
acquaint them with the importance oj 
teaching the fundamentals of welding toa! 
engineering students. It was indicated 
that such a prospectus should point out 
the need for trained engineers with weld 
ing knowledge and should outline son 
of the problems involved in welding fal 
rication and the fundamentals necessary 
to solve them. A Subcommittee was aj 
pointed to prepare a prospectus. Nocon 
plete prospectus has been formulated 
owing partly to the very heavy demand 
on the time of the individuals concerned 


17, Iilinois 
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We manufacture a complete line 
of resistance spot welders from 
Y/, to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 


TRANSFORMERS OF ALL TYPES 


WE INVITE CONTRACT SPOT WELDING 
IN LARGE OR SMALL QUANTITIES 


ENGINEERING. 


779 -SO. 13% ST. 


Near AVON AVE NEWARK,3 
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WELDING 
CONTROL 


SPOT 
PULSATION 
SEAM 


New CR7503-C110 welding control. Inset shows the master control 
station, which can be removed for mounting on the welding machine. 


Accurate timing - Smooth heat adjustment - Fully electronic 


As this control is of the synchronous-precision type, 
it provides the accurate repetitive timing, even with 
instantaneous or sustained line-voltage variations, 
so essential to highest-quality welding. This control, 
the most versatile of all G-E resistance-welding con- 
trols, is not only ideal for the types of work given 
below, but it can also be used where it is desirable to 
do all three types of work on one machine. 


Spot or Pulsation Welding 


This control is particularly well suited for these two 
types of welding because of its wide timing range. It 
can be used in the welding of thin-gage metals where 
consistent timing of as low as one or two cycles may 
be required, in the welding of heavy-gage metals or 
in projection welding where pulsation welding may be 
required, or in special welding applications where 
pulsation welding may be required with a minimum 
heat and cool time of one or two cycles. 


The timing range in spot welding is from 1 to 30 
cycles.* 


In pulsation welding, heat and cool time, are in- 
dependently adjustable from 1 to 30 cycles*, and the 
impulse-counting circuit is adjustable from 1 to 15 im- 
pulses—independent of heat or cool time settings. 
‘When used on a 60-cycle power supply. 


Buy all the BONDS you can—and keep all you buy 


Seam Welding 


Good seam welding is possible with this control 
because the accurate timing circuit and the inde- 
pendent adjustment of heat and cool time (in com- 
plete-cycle steps) eliminate timing variations and 
transient currents. Heat and cool time are inde- 
pendently adjustable from 1 to 30 cycles*. 


Heat Control on All 3 


Smooth heat adjustment is provided by the phase- 
shift method of heat control. This eliminates the need 
for many heat points on the welding transformer. In 
addition, a voltage- or current-regulating compensator 
can be added by simple interconnections. Also, this 
welding control when equipped with a tempering 
attachment makes possible good results in the spot 
welding of thin-gage air-hardenable steels. 


*When used on a 60-cycle power supply 


Send This Coupon for Your Copy of Our New Bulletin 


General Electric Company, Section C645-33 
Schenectady 5, N. Y. 


Please send me a copy of your new bulletin (GEA-4220), 
I’d like more information about this new welding 
control. 

Name 


Company 


Address 
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and partly to the fact that the need for 
the prospectus did not appear immedi- 


ately pressing, because of present war 
training programs at the engineering 
schools. 


It was the general consensus of opinion 
that it is inopportune to submit such a 
prospectus at the present time when most 
schools have had to simplify and restrict 
their curricula within the rigid confines 
of the requirements of their Army or 
Navy training programs. It was recom- 
mended that considerable time should be 
given to working out the individual sec- 
tions of the bulletin in order that it might 
be available for postwar application. 

At a meeting of the Committee held on 
October 18, 1944, it was decided that the 
time was proper for immediate action to 
be taken on the preparation of a pros- 
pectus. The emphasis of this prospectus 
was to be directed toward interesting 
deans of engineering in providing more 
adequate welding courses in engineering 
curricula. 

It was decided that the original pros- 
pectus should be aimed directly at the 
administration personnel of engineering 
schools and that detailed course outline 
should not be included, but should be 
offered for later distribution to those who 
might be interested. 

At the last annual meeting of the 
educational Committee it was the con- 
sensus of opinion that a very important 
method of properly. stimulating interest 


construction . 


Blower impellers, like those above . 
rings like those below . 
“grist for our mill."’ That is war production. 
Soon, let us hope, things of a more peaceful 
nature will take their place. 

You, no doubt, have or soon will have, 
products to market. Those products may be 
of a design that would gain through welded 
. for style .. 

+» for lightmess . . 
costly to produce. If so, our engineers and 
our facilities can serve you to advantage. 

Let us look at your drawings. Confidential 
of course. Get our quotations. F 


ED WELDING CO. 


WELDING FABRICATORS OF MODERN DESIGNS 


in welding in engineering schools would 
be to contact the publishers of textbooks 
employed in engineering institutions for 
the purpose of introducing welding refer- 
ences in the more popular texts at the 
time of preparation of revised editions 
With reference to the possibility of sur 
veying present educational activities, it 
was agreed that such a survey should not 
be directed to the engineering school in 
general but that personal contact should 
be established with at least three men in 
each institution, namely, representatives 
of mechanical engineering, structural 
engineering and metallurgical engineering. 
It was also agreed that such contact 
would not be too profitable until the re- 
turn of more normal times in educational 
institutions. 

In accordance with the above sugges- 
tions, the Chairman contacted three pub- 
lishing firms. Excellent cooperation was 
secured and complimentary copies of text 
books were furnished the Committee. 
The representatives of the three firms 
expressed the thought that they would 
very much appreciate comments with 
reference to these texts and the suitability 
of the welding information contained 
therein. A study of the books has been 
commenced but not yet completed. It 
is planned to complete this study even 
though it may require work during the 
next Society year. 

During the year there was referred to 
the National Headquarters by the chair- 


Time Counts - 
Gas cut and Weld with 


SHAWINIGAN PRODUCTS 


ORPORATION 
EMPIRE STATE BUILDING, NEW YORK 1.N.Y. 


man of the Boston Section, the matter of 
sponsoring welding engineering 
offered by the Massachusetts Departmen, 
of Education. This matter was referre, 
by Headquarters to the Educationa] Com. 
mittee, and was immediately ref, tred to 
the members of the Educational Coy. 
mittee by copies of correspondenc¢ with 
the chairman of the Boston Section 


The Chairman held a lengthy confer. 
ence with Professor Kyle, who is familia; 
with this situation. In this case the 
course under consideration was entire), 
composed of lectures of an engineering 
character. It was mutually agreed tha: 
the Boston Section might well avail ;; 
self of the services of the Massachusett: 
Department of Education in furtheri, 
its own educational objectives 

Recommendations for future work 
It is recommended that work on the pros 
pectus to stimulate welding interest jp 
engineering educational institutions should 
be continued. 


2. That the excellent contacts with 


engineers’ textbook publishers involving 
the review of current engineering texts 
be continued and that recommendations 


for improvements be submitted whe: 


ever such textbooks are to be revised 
The publishers have indicated willingness 
to inform us when such textbooks are to 
be revised and we already have some 
information with reference to the texts 
which we now have for examination 
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Buy ‘‘Proven Fluxes’”’ with Years of 
Guaranteed Satisfaction behind them 


. for strength 
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Alaminum; 


Paste Flux. 


The Trade-Name is “‘ANTI-BORAX”’ 
Ask for Them 


A Flux for every metal: 
Ne. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4, 
fer bronze-welding cast iron; 

Flux No. 8 for sheet Aluminum and all alleys of 
Stainless Steel Flux 
Solder Brazing Flux No. 10; No. 16 Silver Solder 


ANTI-BORAX COMPOUND COMPANY 
Fert Wayne, Indiana 


Unequalled for Quality 
Cast Iren Welding Flux 
“ABC” Aluminum 


Silver 


No. 9; 


THE WELDING JOURNAL 


DECEMBER 


Pile 
x 
wht 
4 
: 
45 
3 
“ate 
\ 
= 
= 
\ 
| 
IN N AT 
ag 
| 
| 
bs 
| 
a THE UNIT | 
| 


ter of 
DUTses 
tment 
ferred 
Com 
ed to 
Com. 

With 


onfer. 
miliar 
the 
tirely 
er ing 
that 
ull it 
uSetts 


k: 
Pros 
St in 


hould 


OFFERS FASTER... 
LOWER COST... 
BETTER RESULTS! 


DELY accepted for its outstanding 
and economy with light 
coated wire and shielded-arc automatic 
wire, Unamatic Welding offers the 
same important advantages with wire 


and flux for submerged-arc applications. 


FASTER Welding with Unamatic. 
Enables your plant to speed up production 
200%-300% over the manual process... 


greatly increases your fabricating capacity. 


LOWER COST with Unamatic. 


Gives you more arc welding per dollar of 
cost because of 15%-25% savings in 
materials used plus 2 to 3 times greater 


production per operator. 


BETTER Welding with Unamatic. 
Assured because all functions are me- 
chanically controlled after the operating 


procedure has been established. 


Write or wire and we shall be glad to 


have an experienced field engineer 


call ...no obligation, of course. 


CONTROLLED CONTINUOUS 
QUALITY WELDIN PRODUCTION 


UNA WELDING INC.: 1615 COLLAMER AVE.* CLEVELAND 10, OHIO 
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1.A.A. OFFICERS 


Glenn O. Carter of New York, Consult- 
ing Engineer of The Linde Air Products 
Co., a Unit of Union Carbide and Carbon 
Corp., was elected president of the Inter- 
national Acetylene Association at this or- 
ganization’s forty-fourth annual meeting, 
held in Cleveland, Ohio, Oct. 18, 1944 
Mr. Carter is a past-president of the Com- 
pressed Gas Manufacturers’ Association, 
and for many years has taken a leading 
part in the affairs of the industrial gas in- 
dustry. 

R. B. Swope, president of the Southern 
Oxygen Co., Washington, D. C., was 
elected vice-president, and Philip Kearny 
and H. F. Reinhard, both of New York, 
were re-elected treasurer and secretary, re- 
spectively. 

New directors elected were Ellsworth 
L. Mills, The Bastian-Blessing Co., 
Chicago; P. E. Engler, The Balbach 
Co., Omaha, Neb.; and C. McL. Pitts, 
The Peoples Gas Supply Co., Ottawa, 
Ont., Canada. 


R.W.M.A. BOOKLET FOR RESISTANCE 
WELDING 


Written for the nontechnician, the book- 
let, ‘‘Tomorrow’s Production Today by 
Resistance Welding,’’ is a brief review of 
what Resistance Welding has accom- 
plished, what it is now doing to speed the 
war effort and what its future possibilities 
for postwar metal fabricators will be, be- 
cause of lessons learned under stress of 
war. 

The chapter on “This is Resistance 
Welding” gives a brief explanation of each 
of the basic types of Resistance Welding 
and their applications. Other chapters 
include its advantages, what it has done, 
its future and ‘‘Resistance Welding at 
Work.”’ 

Manufacturers interested in the use of 
Resistance Welding as a _ fabrication 
method may obtain a copy of this booklet 
by writing to Resistance Welder Manu- 
facturers’ Association, 505 Arch St., 
Philadelphia 6, Pa. Please ask for Bulle- 
tin No. 101. 


WELDING MANUAL 


With the title of ‘“‘Working Principles 
of Electric Arc Welding,’ the condensed 
manual recently published by Harnisch- 
feger Corp., Milwaukee, gives to its read- 
ers in 60-odd pages a wealth of authentic 
information on the subject. Compiled by 
P&H engineers with the cooperation of 


the AMERICAN WELDING SocreTy and 
other Technical groups including leading 
users of welding, the book is written for 
welding operators as well as for designing 
engineers concerned directly or indirectly 
with fabrication of metal products. For 
the former group, it provides a handy 
source of essential and practical informa- 
tion to help improve the quality of their 
work and gain advancement. For the de- 
signing profession, it interprets the basic 
principles of modern electric welding and 
its advantages and opportunities in terms 
of improved design and construction in 
products. The entire content is treated 
with a minimum of technical language. 
Are phenomena, for example, are effec- 
tively explained in a few short paragraphs. 
This feature and the series of exercises and 
instructions on various types of welds 
make the volume ideal for shop trainees. 
An introductory message points to the 
ever-widening application of arc welding 
because of the saving in weight, reduction 
in fabricating costs and improvement in 
design that it makes possible. Copies of 
‘Working Principles of Electric Arc Weld- 
ing’’ are available at $1.00 each while the 
supply lasts. Address Welding Division, 
Harnischfeger Corp., Milwaukee 14, Wis. 


MARTIN JOINS MILLER ELECTRIC MFG. 
co. 


Charles E. Martin, former welding in- 
structor at Illinois Institute of Technology 
in Chicago, has joined the staff of Miller 
Electric Manufacturing Co. of Richmond, 
Ind. Mr. Martin is a member of the 
American Society for Metals and the 
AMERICAN WELDING SOCIETY. 


LAUGHLIN JOINS SIGHT FEED 
GENERATOR CoO. 


Wm. T. Laughlin, former welding in- 
structor at Greer Shop Training, Inc., of 
Chicago, has joined the field organization 
of The Sight Feed Generator Co. of Rich- 
mond, Ind. Mr. Laughlin will cover the 
states of Ohio and Pennsylvania in the 
capacity of District Manager., 


PAUL JAMES APPOINTED LINCOLN 
DISTRICT MANAGER 


Paul James has been appointed district 
manager of its Syracuse office, the Lincoln 
Electric Co., Cleveland, Ohio, announces. 
The new district manager came to the 


Paul James 


Syracuse office, 517 Erie Boulevard | 
from Rochester where he held a simila 
position with the arc-welding company 

James was graduated from Ohio Stat 
University in 1935 with a degree in ¢ 
trical engineering and joined Li 
Electric immediately afterward. Hi 
member of the American Society for Meta! 
and the AMERICAN WELDING Socier\ 

E. L. Smith has been appointed district 
manager of the company’s Rochester off 
to take the place of Mr. Paul James 

Mr. Smith joined the Lincoln Elect: 
Co. immediately after he was graduat 
from Cornell University in 1936 with th 
degree of Electrical Engineer. He gained 
experience at the Cleveland plant th 
following year and has been a resident of 
Rochester since. 

The company’ also has transferred 
George S. Stevens from the factory at 
Cleveland to Charlotte, N. C., as field 
representative and engineer. 

Prior to his two years’ experience at th 
Lincoln Electric Co., Mr. Stevens was a 
welder with the Carnegie-Illinois Ste: 
Corp. He attended De Paul University 
in Chicago and Beloit University at 5 
loit, Wis. His address at Charlott: 
125 Brevard Court. 


SEAM-WELDER CONTROLS 


An instructive technical bulletin of 12 
pages has been issued by the General 
Electric Co., Schenectady, N. Y., 01 
Seam Welding Controls. The bulletin 
gives the fundamentals of seam welding, 
general information on seam-welder con 
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“ELECTROEOY” for RESISTANCE WELDING 
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Conn. WELDING ROLL 
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SIX ADVANTAGES 
oF DC-1 


(Specifically mentioned in report 
of engineers making welding test) 


1. More spots per tip cleaning 


2. No objectionable fumes 

3. Low cost 

4. Powder form—easy to handle 
5. Immersing time not critical 


6. Solution is not toxic or dan- 
gerous to handle 


HELP WANTED? 


WHEN ALUMINUM IS PREPARED FOR SPOT WELDING 


DIVERSEY PROCESS 


Engineers for a prominent west 
coast plane maker recently made 
public the results of an interesting 
test that compared various meth- 
ods of preparing aluminum for 
spot welding. Tests were made on 
24 STAL and 61 ST. All spot 
welding was performed on the 
same machine using identical elec- 
trodes and speeds and producing 
spot welds of similar shear 
strengths. 

Results averaged for a typical 
series of tests reveal that over 
three times as many spots can be 
turned out before tip fouling when 
aluminum is prepared for spot 
welding by the Diversey Process 


CALL A 
Diversey 


ADVERTISING 


than with any other method tested. 


The Diversey Process involves 
two simple steps: 


1. Removing all foreign matter 
from the surface with Diversey 
Aluminum Cleaner, a dry, 
white powder, easily used in 
still tank cleaning, whose pow- 
erful cleaning action is inhib- 
ited to prevent pitting, stain- 
ing or discolorations. 


2. Eliminating the oxide film with 
Diversey DC No. 1. 


Today the Diversey Process is in 
use in many large aircraft and 
other plants throughout the coun- 
try ... consistently giving quality 
spot welds with greatly increased 
tip life. For further details send 
for free technical bulletin No. 501. 
Address Metal Industries Dept. 


THE DIVERSEY CORPORATION 
53 W. Jackson Bivd., Chicago 4, Illinois 
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trols and the advantages of electronic 
seam-welder controls. The technical 
features of the General Electric electronic 
controls are described in detail copiously 
illustrated with recommendations as to 
type. Copies available on request. 


HYDRAULIC DEVICES 


Hydraulic devices engineered and de- 
veloped for specific applications including 
welding are described in Bulletin No. 137 
issued by Lyon-Raymond Corp., 1898 
Madson St., Greene, N. Y¥. Some of 
these devices have found wide applica- 
tion in welding positioning. 


SUSTAINING MEMBERS 


Dockson Corporation of Detroit manu- 
factures a complete line of head and eye 
protective equipment and oxyacetylene 
welding equipment and accessories. This 
company was organized in 1923 and has 
since that time actively pioneered new 
developments in both safety and welding 
fields. Its products for the past 3 yr. have 
gone largely into the war effort but it has 
plans for improvements and expansion as 
soon as government restrictions are re- 
moved. A. Carl Tiedemann has recently 
been appointed executive vice-president 
and general manager. 

United Steel Fabricators, Inc., Wooster, 
Ohio, is a leading manufacturer of fabri- 
cated metal products with facilities for 
specially designed fabricated sheet and 
plate products, light structural products, 
cold-rolled or formed structural sections 
and welded plate construction. During 
the war, all facilities are devoted to the 
manufacture of products for the Army and 
Navy. This Company has pioneered sev- 
eral important products for use in combat 
zones—one of the most outstanding is 
Pierced Plank Airplane Landing Mat. 


Employment 
Service Bulletin 
SERVICES AVAILABLE 


A-488. Welding Engineer and Metal- 
lurgist with a thorough knowledge of arc- 
welding processes and procedures with a 
background of research and development 
of welding rod coatings. Would also be 
interested in a West Coast distributorship 
of welding electrodes, etc. Now living on 
West Coast and have complete coverage 
in this field. 


A-489. Combination welder, Govern- 
ment instructor, foreman, familiar with 
machine shop work. Have also taken 
Welding Metallurgy and Engineering; 
now taking Heat Treatment of Steels. 
31 college credits in Math. and Science 
and completed a course in foremanship. 
Interested in technical or supervisory 
work, development or research work and 
sales or purchasing of welding equipment. 
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Interested only in permafi¢nt position. 
Free to travel to any part of the United 
States. 


POSITION VACANT 


V-151. Research Metallurgist. Grad- 
uate metallurgist for research in the field 
of welding metallurgy. Experience de- 
sirable. Salary open. Large mid-west 
research institute. 


X-RAY PICTURES THROUGH FOOT OF 
STEEL 


X-ray pictures can be taken through 
pieces of steel a foot thick, using a new 
2,000,000-v. mobile X-ray unit developed 
in the Research Laboratory of the Gen- 
eral Electric Co. at Schenectady. First 
announcement of the high-voltage device 
was made at the recent National Electron- 
ics Conference in Chicago by the scientist 
in charge of the work, Dr. Ernest E. 
Charlton. 

This doubles the voltage of X-rays 
available to industry for examination of 
metal sections to find defects. Up to now 
the most powerful X-ray unit in general 
use has been the million-volt apparatus 
developed in the G-E laboratory. More 
than 50 of these are now actively serving 
the war effort in the United States and 
abroad. 

In radiographing an 8-in. steel casting 
the two-million-volt outfit is 78 times as 
fast as the million-volt. Under one typical 
set of conditions cited by Dr. Charlton, 
4'/, hr. were required to make an exposure 
through this thickness with a million 
volts. Two million volts did it in 3'/: 
min. For still thicker sections the ratio is 
even greater. Two-million-volt X-rays 
make a satisfactory exposure through a 
foot of steel in about 2 hr. when the Type 
A X-ray film is used, at a distance of 3 ft. 
from the end of the tube. For practical 
purposes such a thickness is opaque to 
million-volt X-rays. 

In addition to allowing radiographs to 
be taken easily through metal sections too 
thick for lower voltages, 2,000,000-v. X- 
rays are advantageous also for thinner 
specimens. 

One trouble with X-rays of lower voltage 
is the great range between exposure times 
for metals of different thickness. If the 
same specimen has one part that is thin 
and another that is several times as thick, 
it is not possible to expose correctly for 
both at once. The thin parts must be 
built up with blocks of load to make the 
exposure the same throughout. Need for 
this method is eliminated with the mil- 
lion-volt outfit, and to an even greater 
extent with 2,000,000 v. Even though the 
rays are able to penetrate very thick 
specimens, they will still not overexpose 
sections considerably thinner. Excellent 
radiographs may similarly be taken 
through objects made of different mate- 
rials, some of which are much more opaque 
to X-rays than others. 

Another advantage of the high-voltage 
rays is that the machine may be placed 
far back from the specimens and a large 
area sprayed with X-rays as powerful as 
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frotti a lower voltage tube my 
which would cover only a very sma) ares 
Thus, even with smaller pieces of ; 
that do not require their grea: 
trating power, high-voltage X-; 
advantageous. 

Placing the X-ray tube at a distano. 
from the part being radiographed also in 
creases the accuracy of the pictures py 
reducing distortion. The rays spreq; 
out from the target like light from a candi 
A defect in a casting that is close to + 
film will appear in its actual size, while on. 
that is considerably nearer to the tube wij) 
be enlarged. But when the X-ray gep. 
erator is well back, both will record eq, 
rectly. 
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SILVER BRAZING CHEMICAL MORTAR 
SHELLS 


In an article entitled ““Low Temperatur: 
Silver Brazing Used in Making Chemica 
Mortar Shell,’’ Col. H. R. Lebkicher of thy 
Chemical Warfare Service discusses th 
conditions and proper treatment for braz 
ing with silver alloys, with special referenc 
to the 4.2 chemical mortar shell now being 
used by our armed forces. This shell con 
sists primarily of a body with a base at on 
end, and adapter at the other, both brazed 
to the body with Easy-Flo silver brazing 
alloy. 

Chemical cleaning and fluxing, and ¢! 
properties and working temperatures of 
silver brazing alloys are discussed in de 
tail, as well as operating methods involved 
in brazing. 

Copies of this article may be obtained 
from Handy & Harman, &2 Fulton Street 
New York 7, New York. 


RESISTANCE WELDING ELECTRODES 


P. R. Mallory & Co., Inc., Indianapoli 
6, Indiana, has announced a new catalog 
on “‘Resistance Welding Electrodes and 
Alloys.” 

The catalog lists the Company’s con 
plete line of standard spot welding elec 
trodes and water-cooled holders 

A complete listing of ‘‘Do’s and Dou'ts” 
for improved resistance welding is fea 
tured. Stock sizes of Mallory Alloys, their 
various applications and typical physical 
properties are also included. 


MANUFACTURERS’ AGENTS 


New, Patented, Insulated 
Electrode Holder — 


Sensational improvement ove! 
anything heretofore available 

wide application in ship building 
and industry generally —unusua! 
opportunity for quick sales ani 
big commissions. Available for 
prompt delivery. Write or wir 


BEHEL and WALDIE and BRIGGS 
Advertising 
221 No. LaSalle St., Chicago 1, Ill. 
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Lepel Induction Heating, using load coils de- 
signed for the job, heats the entire area to be 
brazed at one time. It is so fast that the 
actual brazing operation is performed in a 
matter of seconds. 


The heat is generated in the metal itself 
and concentrated within the area to be 
brazed; surrounding areas are not heated. 
Thus, discoloration is minimized, scaling is 
practically eliminated and little, if any, 
cleaning up or refinishing is necessary. 


Temperature is automatically controlled; 
there can be no underheating, no “burning”. 


The human element is entirely eliminated; 
every job is uniformly perfect. 


Metal joining, using brazing alloys of any 
melting point from lowest to highest, is a 


LEPEL INDUCTION HEATING 


LEPEL INDUCTION HEATING IS 
ASTEST, MOST ECONOMICAL, BEST 
FOR PRODUCTION METAL JOINING 


simple three-step operation when Lepel In- 
duction Heating is used. Merely: 


1. Pre-flux the parts to be joined. 


2. Assemble the parts with the alloy pre- 
placed in the form of rings, strips or 
irregular shapes to suit the job. 


3. Apply the heat by means of the load 
coil. 


Heating can be controlled manually or 
automatically and the work can be syn- 
chronized with other operations to provide 
continuous-flow production. 


Lepel field engineers will be glad to study 
your metal-joining operations and offer prac- 
tical suggestions for performing them more 
efficiently and economically with Lepel In- 
duction Heating. 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


PIONEERS IN INDUCTION HEATING 
General Offices: 39 West 60th Street, New York 23, N. Y. 


Telephone: Circle 7-5428 


Chicago Office: 230 East Ohio Street, Chicago, Ill. 


ADVERTISING 


Telephone: WHitehall 8483 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


NEW FACE SHIELDS 


The new ‘‘Hundred” series of Face 
Shields, designed about the primary mo- 
tive of comfort for the wearer, announced 
by the Boyer-Campbell Co., 6540 St 
Antoine St., Detroit 2, Mich., also retains 
the characteristic of all B&C Face Shields 
of complete interchangeability of parts 
There are ‘'100,’’ ‘‘200,"’ ‘‘300” and ‘‘400” 
models, each of them being identified by a 
variance in design of the head gear. Then 
for each model of face shield there is a 
choice of three different thicknesses and 
three different sizes of cellulose acetate 
general-purpose windows. . . three different 
sizes of 24-mesh screen windows for heat 
protection and a fiber front for scarfing 


Girl Illustrates Face Shields in ‘Up” 


Position. Man [Illustrates All-Fiber Back 

Head Band ... . Its Position—-Low on the 

Head Where It Snuggly Fits to Give a Full 
Point Floating Suspension 


and welding. The complete interchange- 
ability of these parts makes practical a 
face shield for any industrial use with a 
minimum of stock. 

Note that the back head band in the 
““Hundred” series, is worn low on the head 
and is completely adjustable for snug fit- 
ting to any size of head in either the elas- 
tic head band (models 100 and 200) or the 
all-fiber head band (models 300 and 400) 
types. In this manner, the weight of 
these shields is evenly distributed over 
the entire head gear with the result that 
there is no sense of burden or unbalance, 
no matter how long it may be worn by 
the wearer. It can be said that it has a 
full-floating suspension. 


WELDING ELECTRODES 


The Welding Equipment & Supply Co., 
of Detroit, announces the addition of two 
new Eureka electrodes to their regular 
line. One is a moly high-speed steel elec- 
trode producing typical molybdenum high- 
speed steel weld deposits at 60-64 Rock- 
well C hardness, and the other is a su- 
perior hot work tool steel electrode pro 
ducing carbon-moly-chromium deposits 
having extreme hardness and abrasion 
resistance at high heat with Rockwell C 
hardness at 58-2. Both of these new 
electrodes produce ‘‘hard-as-welded’’ de- 
posits which can be heat treated if desired 

Eureka tool and die welding electrodes 
are used for repairing existing units that 
fail in operation; for creating cutting 
edges or working areas in the composite 
fabrication of units using mild, medium, 
high-carbon or S.A.E. steel as a base; 
for correcting design by facilitating 
changes in contours, corners or edges dur- 
ing die ‘‘try-out’’ or ‘“‘change-over”’ pro- 
grams; for rectifying errors made in 
manufacturing units eliminating conven- 
tional inserts. Thus man-hours are saved, 
material is conserved and production de- 
lays are minimized. 

A new 40-page tool steel welding manual 
and catalog is available upon request 


HIGH-TENSILE ELECTRODE FOR AIR- 
CRAFT STEELS 


A new high-tensile arc-welding electrode 
for fabricating aircraft steels has been an- 
nouned by the Electric Welding Division 
of the General Electric Co. Capable of 
making a deposit of high-tensile strength 
comparable to the mechanical properties 
of the parent metal, the new electrode, 
known as Type W-55, is especially de- 
signed for use in the manufacture of heavy 
bombers and transport planes. 
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New W-55 High-Tensile Electrode Being 
Used in the Welding of an Aircraft Eng 


ine 
Mount 


As a result of preliminary tests, the 
W-55 electrode is rapidly being applied 
to production work in the aircraft indus 
try. It can be used for welding in any po 
sition, including vertical welding from the 
top down and from the bottom up. There 
fore, it is especially recommended for weld 
ing engine mounts and fuselage assemblies 
The are can be struck at the top of th. 
joint and maintained while welding ver 
tically downward, then overhead, ther 
vertically upward back to the 
point 

Arcing characteristics of the W-55 ele 
trode provide flexibility over a reasonably 
wide voltage range with stable operation 
throughout. The arc has sufficient fore: 
to keep slag from crowding the electrode 
when welding vertically downward, and 
the metal sets up quickly when welding 
overhead and vertically upward 

Characterized by its grey extruded 
coating, the W-55 electrode is recom- 
mended for operation on d.-c. straight po 
larity or alternating current. A medium 
to long are is recommended for best 
sults. The W-55 is available in thre 
3/a0 x 12, 1/s x 14 and 4/32 x 14 ins 


starting 


ELECTRON MICROSCOPE 


Three-dimensional pictures of views 
through an electron microscope, revealing 
the shape of ultramicroscopic crystals o! 
which magnesium and other metals are 
composed, were demonstrated publicly or 
October 20th for the first time at the 29th 
Annual Meeting of the Optical Society of 
America (Friday, 9:30 A.M , Hotel Penn 
sylvania). 

It was shown that the point of a com 
mon pin can be made to appear as vast and 
rough as a mountain range when phot 
graphed through an electron micros 
and enlarged to 100,000 diameters 
three-dimensional Polaroid vectogr: 
In these three-dimensional pictures, 
now possible to study and measure 
shape and space characteristics of m1 
structures that are extremely difficul! 
see in ordinary photographs. 

The demonstration of techniques 
plied electron microscopy was mad 
the Society meeting by Robert D. Heide! 
reich of the Dow Chemical Co., Mid! 
Mich., where the electron microscop‘ 
been used in the investigation of cor 
sion phenomena in magnesium alloys 
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Here’s the newest member of the PAGE Elec- 
trode family. It is a general-purpose electrode, 
especially designed for welding light-gage mild 
steel in flat, vertical, overhead and horizontal 
positions with either alternating or direct current. The PAGE 
HI-TENSILE AF ELECTRODE produces an exceptionally smooth 
and uniform bead, slightly convex. This makes it most satis- 
factory for fillet and lap welds. For further details about 
this new electrode, get in touch with your PAGE distributor. 


PAGE STEEL AND WIRE DIVISION 


Monessen, Pa., Atlanta, Chicago, Denver, Los Angeles, New York, 
Pittsburgh, Portland, San Francisco 


AMERICAN CHAIN & CABLE COMPANY, Inc. 


BRIDGEPORT + CONNECTICUT 


ESSENTIAL PRODUCTS - TRU-LAY.: Aircraft, Automotive, and Industrial Controls * TRU-LOC Aircraft Terminals * AMERICAN CABLE Wire Rope = 
TRU -STOP Brakes AMERICAN Chain WEED Tire Chains» ACCO Malleable Castings » CAMPBELL Cutting Machines FORD Hoists, Trolleys 
HAZARD Wire Rope + MANLEY Auto Service Equipment *» MARYLAND Bolts and Nuts « OWEN Springs + PAGE Fence, Shaped Wire, 
Welding Wire * READING-PRATT & CADY Valves - READING Steel Castings * WRIGHT Hoists, Cranes * WILSON “Rockwell” Hardness Testers 

In Business for Your Safety 


ADVERTISING 
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“The combination of the electron im- 
croscope and the Polaroid vectograph 
process offers metallurgists a peephole 
into the microcosmos,’’ Heidenreich de- 
clared. ‘‘We can now examine the shape 
of microstructures just as one can examine 
the formation of rock in a quarry. The 
increasing store of knowledge of new char 
acteristics of metals will doubtless be util- 
ized in the development of new alloys that 
perform even better than those we have 
today.”’ 


LIGHT-WEIGHT ELECTRODE HOLDER 


A new holder for welding electrodes, 
said to be lighter (22 oz.) and lower in 
cost ($2.50) than other insulated holders 
of equivalent capacity, has been an- 
nounced by The Lincoln Electric Co., 
Cleveland, Ohio. 

Having a current rating of 300 amp. 
with ample capacity for overload, the new 
holder will handle various sizes of elec- 
trodes ranging from !/;, in. diameter to 
1/,-in. diameter, inclusive. 


Jaws, made of high conducting and 
wear-resisting copper alloy known as 
“Lincalloy,’”’ will withstand rough treat- 
ment and are fully guarded from con- 
tacting the work by a durable spring steel 
insulating guard that is easily replaceable. 
The trigger of the holder is of molded, 
heat-resisting inorganic material. 

Other features of this new type ‘‘INS”’ 
electrode holder include: hollow, air- 
cooled, heat-resisting fiber handle, excel- 
lent balance and equally good perform- 
ance on both a.-c. and d.-c. current. The 
holder is designed to hold the electrode 
securely at any angle yet permit quick and 
easy change of rods. 


STRUTHERS WELLS ISC ELECTRONIC 
FLAME CUTTER 


The new Struthers Wells, Titusville, Pa., 
ISC Electronic Flame Cutter, designed 
for use in every industry where flame cut- 
ting is a part of the fabrication facilities, 
is entirely automatic in operation, utiliz- 
ing the space on both sides of the machine 
for cutting, providing tremendously in- 
creased production. 

The Electronic Flame Cutter is as 
simple as the electronic phonograph which 
translates record markings into sound, 
according to the manufacturer. This new 
machine translates markings into move- 
ment; its electronic control accurately 
guides the cutting torches along any de- 
sired contour in a horizontal plane as pre- 
determined by markings placed on cylin- 
drical records. Extraordinary savings in 
time and space result from the Electronic 
Flame Cutter’s ease of manipulation, 
elimination of errors, speed of cutting, 
elimination of templates, layouts, etc. 

The plastic control records are small, 
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light, durable and easily handled. Plates 
may be reproduced from the original 
records either successively, intermittently 
or in widely separated locations and re- 
used an unlimited number of times. 

Where duplicate work is being done in 
separate plants, the records may be trans- 
ferred from one plant to another for 
duplication of the job & originally laid out. 
Thus, the necessity for storing patterns 
and templates is eliminated. Burners 
familiar with flame cutting by any 
method quickly learn how to handle this 
automatic machine 


GROUND CLAMP 


This clamp is so designed that the 
current does not travel a great distance 
in the clamp, thus preventing overheating. 
It also gives a quick, positive and portable 


ground connection, making electrode 
holder and cable operate cooler, last 


longer and use less current. 
will increase machine and operator ef- 
ficiency and aid in eliminating arc blow. 


This clamp 


Will-Weld Manufacturing Co., Inc., 
620 South 15th St., Omaha, Neb. 
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“SHORTSTUB” ELECTRODE HOLDER 


A new electrode holder, designed to al- 
low uyobstructed visibility while welding 
and maximum accessibility even for deep 
pocket work, fast loading and reloading, 
plus the war-necessary feature of more 
completely using up the electrode, has 
just been announced. 

One of the big wartime as well as peace- 


THE WELDING JOURNAL 


time wastes has been the too-long tubend 
that was regularly pulled out of tho elec. 
trode holder before it was consumed te 
the weld area and thrown into scrap, 
Most often they were thrown awa, whik 
there was 2 to 4 in. of usable rod -Jeft 
because of the improper design of +} 


too] 
used to hold them 


Dollar losses in electrodes have aver- 
aged 7, with particularly heavy losses in 
the more costly metals. 

Many months ago, the Hollup Corp., 
Chicago, a division of the National Cylin- 
der Gas Co., went to work to solve this 
problem, and the company has now an 
nounced completion of extensive job tests 
on its new ‘‘Shortstub” electrode holder—a 
holder designed and now available to in- 
crease the usable portion of the electrode 
to a point right up to the uncoated end ol 
the rod. With the ‘‘Shortstub’’ holder, 
only '/: in. is needed for a tight, efficient 
current contract in the holder jaw 
An extension of the holder itself allows the 
now usable stub end of the rod to be pro 
tected into the proper position for welding 

The new Hollup ‘“‘Shortstub’’ holder, 
completely insulated, loads and unloads in 
a second; and because of its perfect bal- 
ance and light weight, minimizes operator 
fatigue with practically complete use of 
valuable electrode metal. 

Illustrations show complete 
stub” holder and resultant stub lengths of 
the shortest possible dimension obtainable 
with its use. Electrode wastes are thus 
reduced to almost an absolute minimum 


‘*Short- 


BERYLLIUM CORPORATION 


The above corporation announce th 
reopening of their Chicago Sales Office © 
November 13th. Headquarters will be! 
the Engineering Building, 205 West 
Wacker Drive, Chicago, Illinois. Ds 
trict Manager will be Mr. Thomas & 
Neal 
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RACO 45 Shielded Arc’El —for surfaces”? 
nd of requiring greater hardness than 
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BOSTON 


At the November 13th meeting of the 
Boston Section, William D. Halsey, Chief 
Engineer, Boiler Division, Hartford Steam 
Boiler Inspection and Insurance Co., and 
the Chairman of the A.W.S. Standard 
Qualification Procedure Committee, spoke 
on “Standard Practices for Qualification 
of Welding Procedures and Operators.”’ 
The Kodachrome sound motion picture 
“Eighteenth Century Life in Williams- 
burg, Virginia’? was shown. 


BRIDGEPORT 


The Bridgeport Section was organized 
on September 29th and the Connecticut 
Section was disbanded on the same date. 

The following officers were nominated 
by the Bridgeport Section: Chairman, N. 
B. Gilliland; Vice-Chairman, L. F. Bock; 
Treasurer, J. R. Mitchell; Secretary, C. 
Parks; Program Chairman, E. Schneider; 
Membership Chairman, H. A. Pennington. 


CHATTANOOGA 


The Chattanooga Section had one of 
their most successful meetings on No- 
vember 3rd, when Dr. W. G. Theisinger 
of Lukens Steel Co., spoke on the Manu- 
facture and Fabrication of Clad Steels.”’ 
This session included a dinner which was 
well attended and afterward technicolor 
movies were shown on the manufacturing 
processes of the clad steels, which was 
followed by Dr. Theisinger’s talk. 

The meeting was attended by about 50 
members and their guests and a lively 
question and answer period followed the 
principal address. 

The December meeting held on the 8th 
had L. G. Pickhaver of the General Electric 
Co. to talk on “Atomic Hydrogen Arc 
Welding.”’ 


CHICAGO 


The regular monthly meeting of the 

Chicago Section was held on October 20th 
at People’s Gas Light and Coke Co 
Auditorium. The Alloy Welding Story 
was presented by Arthur Schwarz of John 
Nooter Boiler Works Co., St. Louis, Mo. 
Mr. Schwarz has had considerable ex- 
perience in the problems involved in 
fabricating oil refinery equipment and 
other pressure vessels of alloy and alloy 
clad materials... Many of the problems 
encountered have been difficult and only 
skill, patience and ingenuity have made it 
possible for them to be overcome. Mr. 
Schwarz discussed the solution to these 
tricky welding problems. 
' Two movies in technicolor of the won- 
ders of nature in the southwest were shown 
through the courtesy of Santa Fe Railway. 
The movies were called ‘‘Grand Canyon’”’ 
and ‘‘Carlsbad Caverns.” 


SECTION ACTIVITIES 


CINCINNATI 


O. T. Barnett of the Metal and Thermit 
Corp., New York, was the speaker at the 
September 26th meeting of the Cincin- 
nati Section held at the Engineering 
Society Headquarters. Mr. Barnett spoke 
on “Welding Electrodes,’ which talk was 
illustrated by movies on the subject. 

The October 24th meeting of the Cin- 
cinnati Section of the AMERICAN WELDING 
Society was held at the new Bond Hill 
Plant of the Cincinnati Shaper Co. 

Members were taken on a most in- 
teresting and educational tour of the plant. 
Automatic electric arc welding and cutting 
of heavy steel shapes, and their various 
phases were explained by William Pahner, 
a Society member and foreman of the 
welding and cutting department. 

After the plant inspection, the group 
assembled in the company’s auditorium 
where Ralph Diserens, Plant Engineer 
and also a SocreTy member, presented a 
very interesting talk, and with the aid of a 
projection camera, showed the important 
part that arc welding and cutting played 
in the production of Cincinnati Shaper 
Shears and Brakes. 

A buffet lunch was served and all in 
attendance asserted that the fellows at 
Cincinnati Shaper were mighty swell hosts 
indeed. 


CLEVELAND 


A keen analysis and appraisal of the 
application of resistance welding to vari- 
ous types of manufacture was scheduled 
for the November 8th meeting of the 
Cleveland Section, when M. L. Eckman, 
Works Manager of the Culvert Division, 
Republic Steel Corp., addressed the meet- 
ing. 

The ‘coffee talk’? was given by Bill 
Cook, General Manager of the Cleveland 
Barons, and one of Cleveland’s most 
popular citizens. 

The following are the dates,of the com- 
ing meetings of the Cleveland Section. 
All meetings are preceded by a dinner at 
6:00 P.M. Meeting starts at 8:00 P.M. 
All at the Cleveland Engineering Society: 
Dec. 13, 1944; Jan. 10, 1945; Feb. 14, 
1945; March 14, 1945; April 11, 1945; 
May 9, 1945. 


COLUMBUS 


The October meeting was held on the 
13th at the Southern Hotel. Dinner at 
6:30 P.M. preceded the Technical Meet- 
ing at 8:00 P.M. A film on A.-C. Weld- 
ing wassshown through the courtesy of the 
Generaf Electric Co. 

C. W. Roberts of the Pennsylvania 
Railroad spoke on the subject “‘Railroad 
Welding.” Prof. J. R. Stitt of Ohio State 
University spoke on the Columbus Tech- 
nical Council, its activities, etc. 
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DETROIT 


The Detroit Section met on Octo 


er 6t 
at the Hotel Fort Shelby at a i 
devoted to a Welding Spelldown. Three 
representatives of each of the f llowing 
companies composed the teams: Ford 
Motor, Chrysler Corp. and General 
Motors Corp. 

The Flint Division also held a meeting 


of October 6th at Fischer’s Hotel, Frank 
enmuth. W. E. Whitehouse of the Defoe 
Shipbuilding Co., Bay City, Mich., spoke 
on “The Welding of Boats Upside Down’ 

Tool reclamation was the theme of the 
November 3rd meeting of the Detroit 
Section, the speaker being E. H. Smith, 
service engineer of Precision Spring Co., 
Detroit. , 

Techniques for mending broaches and 
milling cutters were outlined by Mr 
Smith, who formerly conducted his own 
tool reclamation business in Chicago 
He said that silver brazing was a perfectly 
satisfactory method of repairing 
where loss of one to three points on th 
Rockwell scale was not a critical factor 

Preliminary to any brazing repairs, Mr 
Smith recommended cleaning of the parts 
with carbon tetrachloride, followed by 
wash in silver cleaning flux thinned to th: 
consistency of water. 

The holding fixture for parts to be re 
paired must be designed to maintain 
proper alignment—for a broach, one fixed 
center and one adjustable center was ad- 
vised, and for a milling cutter, a fixtur: 
which circles the circumference and holds 
the pieces in line. 

Preheating with double-tipped oxy 
acetylene torches was recommended, wit! 
tip sizes about half of those used for weld 
ing the same amount of metal. 

When applying heat, Mr. Smith said, 
the procedure is to start a short distanc« 
away from the welded area, or else that 
area will be oxidized. As further pre- 
caution against oxidation, he recom- 
mended that flux be used to a distance of 
2 in. or so from the broken edges. 

One technique of repairing milling 
cutters was outlined as follows: grind or 
otherwise machine small machine grooves 
running lengthwise along the broken sur 
face, parallel to the side of the cuttat 
Drill pilot holes to reach these grooves 
when the parts are clamped together fro! 
the surface. Introduce the brazing meta! 
through these pilot holes, and the mend 
will be an inside job which will not cis 
turb the relationship of the cutter edges 
to one another, 

The Flint division of the section, 00 
November Ist, listened to a progra) 
manifolding, shop distribution and satcty 
features of gases, presented by S. B. k 
land, field engineer of National Cylinder 
Gas Co. The speaker had a variety 0! 
interesting observations to offer on th 
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POWER SOURCE FOR AUTO- 300 ampere and 
MATIC WELDING HEADS. 500 ampere “Bum- 


Here’s the machine that will give you more weld- 
ing production per work day with considerably less 


» Mr blebee” machines 
the vides 15% to 30% increased welding production, matic welding units. Connected in parallel they 
with 30% to 35% Jess power consumption than provide ample power, and also permit unusual 
acho equivalent D.C. machines. flexibility in shipyard welding operations. 
fixes 
boon NOTE THESE OUTSTANDING FEATURES: ALSO MADE IN “ALL-WEATHER™ MODELS 
holds Wide Current Range of 60 to 375 amps. (for “All-Weather” models of the “Bumblebee” have 
. 300 amp. “Bumblebee”), and 100 to 625 these extra features: (1) Moisture-proof insula- 
me amps. (for 500 amp. machine). tion, throughout. (2) All 
improved Electrical Efficiency at rated load of ane by 
| 81% and 83%, for 300 and 500 ampere sizes ture-proof paint.(3) Sturdy 
respectively. weather-proof case is fin- 
that ished in durable outdoor 


Minimum “‘arc-blow" increases welding pro- 
duction and makes for easier operation. 


Better Power Factor with built-in capacitors 
helps reduce power costs and relieves loaded 
power lines. 


Maintenance Practically Eliminated because 
there are no heavy rotating parts. 


enamel, and has gaskets 
and louvers designed to ex- 
clude rain, sleet, snow. (4) 
Special low voltage contac- 
tor automatically reduces 
open circuit voltage ‘to 
about 40 volts. 
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of oxyacetylene gases in the welding field, 
particularly as they concerned economy 
of operation and most satisfactory meth- 
ods of handling. The value and peculi- 
arities of such gases were also treated in 
interesting detail. 


INDIANA 


The opening meeting of the 1944-45 
season of the Indiana Section was held on 
October 27th. The speaker was Frank 
E. Thompson, Jr., of the Thompson En- 
gineering Co., Grand Rapids, Mich. Mr. 
Thompson is designer and manufacturer 
of an underwater cutting torch and is 
very familiar with salvage work. His 
subject was on “‘Salvage Operations at 
Pearl Harbor.”’ This subject was of 
extreme interest to all present. 

A Navy film “Communique 11,” a 
sound film of the happenings at Pearl 
Harbor, was also shown 

Dinner at the Riley Hotel preceded the 
meeting. 


LEHIGH VALLEY 


The Lehigh Valley Section held its 
regular dinner and technical meeting on 
Monday, November 6th, at the Hotel 
Bethlehem. 

The subject for the evening, ‘Flame 
Cutting and Unionmelt Welding” was pre- 
sented by Norman G. Schreiner of The 
Linde Air Products Co. Mr. Schreiner 
presented a film on Unionmelt Welding 
and illustrated his talk with slides. The 
subject was well received by the 98 mem- 
bers and guests present. 

The War Department sound film ‘‘How 
Good Is a Gun’”’ was shown before the 
technical meeting and after Mr. Schrein- 
er’s talk the General Electric film on A.-C. 
Welding was shown. 

The December 4th meeting was a joint 
meeting with the American Society for 
Metals. The speaker was Dr. R. D. 
Stout of Lehigh University, who spoke on 
Weldability. 

Prof. P. B. Eaton of Lafayette College 
was the coffee speaker. Prof. Eaton re- 
cently returned from the Far East and had 
an interesting message. 


October Meeting, Louisville Section, A. W. S. 


LOUISVILLE 


Notwithstanding the fact that the Ninth 
Dinner Meeting of the Louisville Section 
was held on Halloween Night, October 
3lst, which necessarily conflicted with 
other social engagements, the attendance 
was large. The guest speaker of the even- 
ing was Walter J. Brooking, Director 
of Testing and Research of R. G. Le- 
Tourneau, Inc., Peoria, Ill., and his sub- 
ject ‘‘The Welding Engineer’s Job’’ with 
“‘talkies’’ and slides, was capably handled 
and enthusiastically received. The Chair- 
man, Theodore H. Lewis, presented Mr. 
Brooking with a ‘‘Certificate of Apprecia- 
tion” appropriately framed for wall 
decoration. 

The dinner speaker was Earl Ruby, 
noted Courier-Journal Sports Analyst, 
with his ‘‘Pigskin Parade’’ was timely, 
and prognostications noteworthy. His 
quiz of two Louisville’s high school foot- 
ball coaches, Messrs. Ray Baer, Male High 
and Paul Jenkins, Manual High, Annual 
Turkey-Day Antagonists was clever, en- 
tertaining and instructive. Rudy E 
Fritsch, Vice-President, Tube Turns, 
did an outstanding job as Master of Cere- 
monies on this occasion. 

A picture taken at this meeting is re- 
produced herewith. 


MARYLAND 


The November meeting was held on 
the 17th. George E. Linnert, Welding 
Engineer, Rustless Iron and Steel Corp., 
presented a paper on ‘“‘Welding Steels 
of High Hardenability.”” Mr. Linnert’s 
presentation enthusiastically re- 
ceived. 

Dinner at 6:30 P.M. preceded the 
meeting which was held at 8:00 P.M. in 
the Engineers’ Club, Baltimore. Re- 
freshments were served after the meeting. 


MILWAUKEE 


The October 27th meeting was held at 
a new meeting place, the Ambassador 
Hotel. An after-dinner talk on ‘‘Fishing 
in the Mountains of Montana and Wyo- 
ming’’ was made by A. E. Pohlman of the 
Flying Fisherman International. 


THE WELDING JOURNAL 


The main speaker of the eve: 
C. L. Pfeiffer of Western Electri: 
spoke on “Important Factors of Resist. 
ance Welding—The Weld Area 


wa 


wh 


Pfeiffer has been connected with : Phe. 
welding for the past 20 yr., both jp ;, 
search and in the field, and pr: ited 
very interesting talk to both the shop py . 


and the engineer. 


MOBILE 


The October Dinner Meeting was hej; 
on the 12th at the Admiral Semmes Hote! 
The Section is indebted to the Ingajj 
Shipbuilding Co. for the Guest Speake; 
for this occasion. 

The speakers were Milton Formay 
Welding Engineer, who spoke on “0; 
ganized Welding in Shipbuilding,” and A 
M. Swigert, Works Manager, who spok: 
on ‘‘New Fields for Welding.’’ 


NEW YORK 


The New York Section of the Amepy- 
CAN WELDING Society and the Metropol 
tan Section of the American Society oj 
Mechanical Engineers, Iron-Steel Weld 
ing Division, held a joint meeting at th 
Engineering Societies Building on Tue, 
day, November 14th. Mr. E. B. Rick 
etts, Mechanical Engineer, Consolidate 
Edison Co. of N. Y., presided as Technica! 
Chairman. 

Speaker for the evening was Dr. A 
Kinzel of Union Carbide and Carbon R: 
search Laboratories, Inc., New York. Dr 
Kinzel’s talk described the new oxyacety 
ene pressure-welding process on 
phase welding as it is known metallurgy- 
ally. His paper was a composite of th 
C. A. Adams memorial lecture given a 
the Annual Meeting of the America) 
WeLpInG Society in Cleveland and a 
paper on the practical aspects of pressure 
welding presented at the same meeting by 
Mr. Lyte of Union Carbide and Carbo: 
Laboratories, Inc. 

Dr. Kinzel traced the metallurgical 
principles behind this process but without 
becoming deeply involved in the metal 
lurgical aspects. His talk was profusely 
illustrated with slides and a motion pi: 
ture showing experimental and productio 
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PRECISION AT 


Pormen Pe E ARE not going to tell you 3 

here why this tube was made, 

10 spok cons — what it does, or what it is for. The is 

\ important thing about it to you as a : 

user of industrial X-ray tubes, and of “ 

AMERI- oscillators for induction heating, is that it represents the : 
a toughest assignment ever handed the electronic tube 


industry, and that of all tube makers only Machlett 
n Tue perfected the techniques that made the tube possible. 


The tube is sealed-off, vacuum-tight, and operates at 
2,000,000 volts, direct current. These and other difficult 
on Bs conditions were essential to assure high and constant 


power, reduction of heat, and precise focusing of the 


electron beam. 


oe a 


Electrical and mechanical problems presented by the 


ERICAN tube were so severe that some scientists doubted they “oO 2 
nema could be solved, but Machlett, drawing upon its long hers : 


experience, met every requirement in a little over two 
years. 


yithout 


a This is significant to you because every electronic tube, 
sfusels whether it produces X-rays, or radio waves, or is a 
‘iction [E tectifier, depends for its success in your service upon 
correct design, proper vacuum, adequate insulation, and 
precision-made parts, to assure precise control of the 


electrons that make any such tube function. 


The perfection of this 2,000,000-volt direct-current tube 
is the best proof we can offer of the value of the Machlett 
skills that go into the design and manufacture of every 
tube bearing our name . . . Machlett Laboratories, Inc., 
Springdale, Connecticut. 


AY TUBES SINCE 1898 


TODAY THEIR LARGEST MAKER 
BER 1944 
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applications of the pressure-welding proc- 
ess. The paper was so logically developed 
and complete that the audience obtained 
a full understanding of the principles and 
a considerable understanding of the prac- 
tical applications of pressure welding as it 
is applied today 

The evening opened with the regular 
half-hour question and answer period 
which was conducted by Mr. C. Kandel, 
Craftsweld Equipment Co., Long Island 
City, N. Y. 


NORTHWEST 


‘Metallurgy for Welders’’ illustrated 
by lantern slides was the subject presented 
by R. B. Lincoln, Director, National Weld 
Testing Bureau, Division of Pittsburgh 
Testing Laboratory, at the November 9th 
meeting of the Northwest Section. Mr. 
Lincoln discussed the effect of preheating, 
stress relieving, annealing, the effect of 
contraction, the cause of cracking and 
other types of weld failures. His talk 
was primarily for welders, inspectors, 
supervisors, mechanical engineers and 
others who are not especially trained in 
metallurgy. This was an exceptionally 
valuable meeting for everyone. 

The meetings scheduled for next year 
are: 


January 9th—‘‘Welding and Problems 
Associated with Welding,’’ T. McLean 


Jasper, General American Transporta- 
tion Corp., Chicago. 
February 7th—‘‘Electric Resistance 


Welding’ Mario Sciaky, Partner, Sciaky 
Bros., Chicago. 

March 8th—‘‘Are Welding as Applied 
to the Building of Heavy Road Building 
Equipment,’’ Elmer Isgren, Plant Man- 
ager, R. G. LeTourneau, Inc., Peoria, Ill. 

April 4th—‘‘Steel Castings, Their Use 
in Weldments,”’ E. J. Wellauer, Super- 
visor, Research and Metallurgy, The Falk 
Corp., Milwaukee 

May 3rd-——Annual Meeting. 


OKLAHOMA CITY 


The Oklahoma City Section of the 
AMERICAN WELDING SOCIETY met on Oct. 
26, 1944 at 7:30 P.M. at the Biltmore 
Hotel. Our guest speaker was F. L. 
Goldsby,~ Assistant to Chief Engineer, 
Chicago Bridge & Iron Co., Chicago 
Ill. The subject of Mr. Goldsby’s ad- 
dress was “Design for Welding.’’ Four 
outstanding points of good welding were 
mentioned by the speaker: 


1. Minimum amount of weld. 

2. Keep in mind shop and field erec- 
tion. 

3. Make best use of available material. 

4. Location and position of welded 
joints. 


Mr. Goldsby emphasized the im- 
portance of the steel manufacturers to 
provide the welding industry with steel 
welding shapes adaptable to welding. 
Apparently, considerable progress has 
been made along these lines and these will 
be available during the postwar period. 
The talk was illustrated with slides show- 
ing the comparison between what is con- 
sidered good and poor design. 
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A movie secured through the A.W.S. en- 


titled ‘Aircraft Welding’’ was shown 
This was released by the U. S. Navy, 
Bureau of Aeronautics 
PHILADELPHIA 

The first Panel Discussion Meeting 


of the 1944-45 Season of the Philadelphia 
Section was held on October 23rd at the 
Engineers’ Club Main Dining Room. 
The subject of this Panel was ‘Eutectic 
Welding,’ which was presented by Clinton 
E. Swift, Assistant Manager of Engineer 
ing and Research, Eutectic Welding Alloys 
Co. Mr. Swift gave a brief description 
of the subject process, with slide illustra 
tions, after which the meeting was thrown 
open for general discussion and question 
ing. 

The second regular meeting of the 
season was held on October 30th at the 
Engineers’ Club. The subject ‘Ver- 
satility of Resistance Welding as a Pro- 
duction Tool’’ was presented by G. W 
Garmon of the General Co., 
Schenectady, N. Y. 

The third regular meeting was held on 
Monday evening, November 20th. A. 
Amerikian of the Bureau of Yards and 
Docks, U. S. Navy, Washington, D. C., 
spoke on “Structural Engineering and 
Welding.”’ 


Electric 


PITTSBURGH 


The opening meeting of the 1944-45 
Season of the Pittsburgh Section got off 
to a good start Wednesday, October 25th. 
when G. N. Sieger, President of the 
S.M.S. Corp., Detroit, Mich., presented 
his ‘‘Story of Resistance Welding’ to 
well over 100 members and guests. The 
story reviewed the past history, the 
processes of today and the possible trend 
of the future. Mr. Sieger developed the 
process from the very fundamentals of 
resistance welding to the most intricate 
and complicated phases of the present- 
day uses. With the aid of a blackboard 
for illustrating the many points discussed 
and many welded specimens of all kinds 
of metals, Mr. Sieger kept the interest 
of his audience at a high pitch throughout 
the meeting. Following the discussion of 
numerous questions from the floor, Mr. 
Sieger presented for the first 


time in 
Pittsburgh the U. S. Navy sound film 
“Aircraft Production Processes: Weld- 


ing.”’ 

Preceding the discussion by the guest 
speaker, the Question and Answer Period 
conducted by L. C. Bibber, Welding En- 
gineer of the Carnegie-Illinois Steel Corp., 
got off to a satisfactory start. Some very 
interesting questions were received 
through the mail via the return card sys- 
tem, requesting answers and all were 
handled in a very satisfactory manner. 
Also quite a few questions were asked 
from the floor and well answered either 
by Mr. Bibber himself or other members 
called on by him. It was voted by those 
present a very satisfactory addition to the 
regular programs and it is looked forward 
to by all as a most interesting feature of 
future meetings. 


PORTLAND 
The Portland, Maine, Sec: 
organized on August 3lst 


technical meeting of the Sectio; 
October 26th was a very successfy 
attended by approximately 100, and 
at the Famouth Hotel. 


The main speaker was La 


Mott. 
Grover of Air Reduction, who = 
the importance of proper joint prepara 
tion, proper sequence, and way avoi 
dangerous distortion and locked-up strec 
ses; all being very effectively illy trate 


by lantern slides. 
Two films, one 
cutting and one 


Rainbows,”’ 


showing wu 
entitled, ‘‘Unfinishs 
an interesting review 
aluminum industry, were also show: 

In addition to the main speaker, ot} 


= 


prominent figures introduced were: ¢ 
Delbridge, Manager of Air Reduction 
Boston; Walter Green, Vice-Presiden 
and General Manager of New Englan 
Shipbuilding, South Portland; Willian 


M. Briggs, Welding Engineer, New Eng. 
land Shipbuilding; and Omar R. King 
Hull Superintendent, N.E.S.C., So. Port. 
land. 

Interest was keen and enthusiasm for 
continued success very prominent 


PUGET SOUND 


The October Dinner Meeting was held 
on the 25th at the Gowman Hotel, Seattk 
Wash. Question box discussion was le 
by Joe Holt of Webster-Brinley © 
Dinner followed the discussion perio 
and George T. Tepley, Webster Welding 
Co. was Master of Ceremonies. A le 
ture on “The Endurance of Metals Under 
Repeated Stresses’’ was given by Alex- 
ander Finlayson, M.Sc., Technical Di 
rector and Chief Metallurgist of Paciti 
Car and Foundry Co. 


ROCHESTER 


The Rochester Section held ther 
October meeting at Lower Strong Audi: 
torium, University of Rochester, Rive 
Campus, October 5th. The speaker of th: 
evening was Fred L. Plummer of the Ha: 
mond Iron Works of Warren, Pa. His su 
ject was ‘‘Field Welded Pressure and \ ar 
iable Volume Tanks for War Industries 
Mr. Plummer’s talk was enjoyed by a! 
attendance of more than 100. 


SAN FRANCISCO 


The October Meeting of the AMERICAS 
WELDING Socrety, San Francisco Sectior 
was held at the Claremont Hotel, Ashby 
Ave. and Tunnel Rd., Berkeley, Calif 
on Monday, Oct. 23, 1944, Vice-Chair 
man Leo Berner, presiding. 

There were approximately 100 
bers and guests in attendance. The meet 
ing was called to order at 6:30 P.M 

The regular business meeting was ol- 
lowed by a talk by L. W. Boelter, D I 
the College of Engineering, Univer I 


California at Los Angeles. Dean boc! 
ter’s subject matter “The Engimecring 
Curricula, College Training of an " 


gineer’’ was very enlightening and 
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INSPECTION... 
DETECTION... 
CORRECTION... 


When the cause is interpreted the 
remedy is usually easy. Magnaflux 
is used to locate detrimental defects 
such as: (1) surface cracks in weld 
or parent metal. (2) lack of fusion— 
incomplete penetration. (3) large 
slag inclusions. 


Rus 


CORPORATION 


1944 


When a weld fails in service, it is 
too late to make it good. Losses of 
lives, time and dollars can never 
be replaced. 


The Magnaflux* Corporation, 
pioneer in non-destructive inspec- 
tion methods, has adopted a 
special approach to the difficult 
and highly specialized job of weld 
inspection — making it possible to 
locate detrimental defects before 
they have caused damage. 


Recognizing the different re- 
quirements of aircraft welding, 
structural welding, and the welding 


__----BY REVEALING DEFECTS IN THE SHOP 


of pressure piping and pressure 
vessels, the Magnaflux engineering 
and research staff has developed a 
special technique and equipment 
for each. Now, by means of port- 
able equipment EVERY WELD can 
be examined non-destructively, 
anywhere in the plant or yard! 


Your own men can be readily 
trained as Magnaflux Inspectors 
and with this new Magnaflux 
equipment, you can be free from 
the worry of passing defective 
welds. Write today for a fully 
explanatory bulletin. 


* Magnaflux—the Trade Mark of the Magnaflux Corporation 
applied to its equipment, materials and inspection methods. 


MAGNAFLUX 


CORPORATION 


5922 Northwest Highway, Chicago 31, Illinois 


NEW YORK + DETROIT + DALLAS + 


ADVERTISING 


LOS ANGELES + CLEVELAND + BIRMINGHAM 
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appropriate, as it was quite in line with 
our policy of scheduling a continuity of 
subjects. 

The technical talk was presented by 
W. J. Poehlman, Chief Spectrographer 
of the A. O. Smith Corp., whose dis- 
course on “Spectrography Applied to 
Welding’ was as interesting as it was 
thorough. 

The meeting adjourned at 10:15 P.M 

After the meeting, the sound motion 
picture entitled ‘““To Each Other’’ was 
shown. This film was obtained through 
the courtesy of the U. S. Steel Corp 
The motion picture equipment was sup- 
plied through the courtesy of the Victor 
Equipment Co. 


SYRACUSE 


The regular monthly meeting of the 
Syracuse Section was held on November 
9th at the Syracuse Museum of Fine Arts. 
A. M. Setapen of Handy and Harman 
spoke on the subject ‘Silver Brazing,”’ 
which was very well received. The tech- 
nical Chairman of this meeting was H. P. 
Bently of Bently Weldery. 

The December meeting will be held on 
the 14th. The subject ‘‘Fabrication of 
Welded High Pressure Piping’’ will be 
presented by R. W. Emerson, Pittsburgh 
Piping and Equipment Co. 


TIDEW ATER 


The Tidewater Section of the AMERICAN 
WeELpING Society, held its regular 
monthly meeting, Tuesday, Oct. 10, 1944, 
at 8 P.M. in the Fleet Reserve Hall, 305 
High St., Portsmouth, Va. 

The chairman, C. O. Barham, presided 
and also introduced the speaker of the 
evening, T. B. Jefferson, Editor of The 
Welding Engineer, Chicago, Ill. 

Mr. Jefferson, gave a very interesting 
lecture on the topic, “‘Welding in the 
Postwar World.” He stressed the im- 
portance of welding in the postwar world, 
and of the many new improvements and 
advancements still to be made in welding 
after the war. After the lecture, Mr. Jef- 
ferson presided during the 
period, and very efficiently 
questions pertaining to welding. 

The chairman expressed his gratitude 
to Mr. Jefferson for attending the section 
meeting and rendering such a splendid 
lecture. 

The meeting was adjourned, and light 
refreshments were served. 

Approximately 40 persons were present. 


discussion 
answered 


WASHINGTON 


The Washington Section held its first 
regular meeting of the 1944-45 season 
Tuesday, October 3lst, at the Pepco 
Auditorium. Chairman C. E. Jackson 
welcomed the large group of guests and 
members before introducing the technical 
speaker of the evening, William J. Conley 
The speaker, a distinguished figure in the 
engineering field being associated actively 
in committee work for the AMERICAN 
Wetpinc Society, professor of applied 
mechanics at the University of Rochester, 
New York, and consultant engineer for 
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the Lincoln Electric Co., discussed struc- 
tural steel welding. 

Mr. Conley, with the aid of an excellent 
assortment of slides, pointed out the flexi- 
bility of welding practices to the fabrica- 
tion of structures. The speaker aptly 
demonstrated how the breakdown of de- 
sign and analysis of each section or joint 
or material used lends itself to efficient 
construction. Mr. Conley discussed the 
point of view of welding in the design of 
structures. This was interestingly pre- 
sented by showing a redesign of a press, 
breaking the structure down to individual 
parts and refabricating these parts making 
best use of fundamental principles of con- 
struction. The speaker indicated that 
steel makers were considering the fabrica- 
tion of special shapes for welded structures. 
Tubular structural members were also 
coming into use in future building pro- 
grams. In closing, Mr. Conley expressed 
strong feelings for the future of high- 
tensile low-alloy steels in the structural 
field and indicated that after a modest 
period of pioneering, prefabricated houses 
would become popular. 

A film of special interest, ‘‘The Raising 
of the Normandy,’ was excellently re- 
ceived. The tremendous engineering feat 
was accomplished after many trials and 
tribulations which were vividly recorded 
in the picture. 

refreshment 
regular meeting. 


period followed the 


WESTERN MASS. 


The regular meeting of this Section was 
held at the Holyoke Vocational School on 
October 30th. Major private industries 
were well represented as 66 members and 
guests were present. 

The Chairman of the Section reviewed 
the highlights of the 25th Annual Meeting 
of the Socrery for those who could not 
attend that meeting. 

A movie in colors, ‘‘Copper Goes to 
War,” preceded the speaker of the even- 
ing. 

The Section was fortunate in having 
John J. Vreeland as the technical speaker 
on ‘‘Welding Copper and Copper Alloys.” 
Mr. Vreeland covered the subject ex- 
ceedingly well. He emphasized the physi- 
cal properties obtained from various 
copper-alloy welding rods giving their 
chemical analyses and discussing the use 
with the application of each rod with 
respect to the metal to be welded. 

Mr. Vreeland is Metallurgical Engineer, 
Case Brass & Copper Co., Waterbury, 
Conn. 

Program of coming meetings of the 
Western Massachusetts Section is as 
follows: 


December 18th—‘‘Stainless Steel Weld- 
ing,’’ Carl M. Schaub, Engineer, Arcos 
Corp. (Holyoke Vocational School). 

January 29th (date tentative)—‘Weld- 
ing Design and Procedure,’’ Charles H. 
Jennings, Welding Engineer, Westing- 
house Electric & Mfg. Co. (Westinghouse 
Auditorium, Springfield). 

February 26th—‘‘Hard Surfacing and 
Tool Reclaiming,’’ Arthur Gray, N. Y. 
District Engineer, Haynes Stellite Co. 
(Springfield Y.M.C.A.). 
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March 26th—‘‘Resistance \V 


speaker to be announced later 
Vocational School). 

April 30th—“Gas Welding and 
ting,’’ A. N. Kugler, Air Reducti,; Sale 


Co. (Springfield Trade School 

May 2lst—‘‘Welding Method 
Sequences,” W. J. Conley, Consulting: 
Engineer, The Lincoln Electric Co. (\y, 
inghouse Auditorium, Springfield 


WESTERN MICHIGAN 


B. L. Davies, Chief Welding Engineg, 
National Electric Welding Machin 


Bay City, Mich., was the guest speake- 
at the October 30th meeting of this s 


tion held at the Rowe Hotel, Gray 
Rapids. Mr. Davies spoke on “Th, 
Modern Resistance Welding Field.’ Ther 


was an attendance of 65 at this meeting 


WESTERN NEW YORK 


The October 27th meeting was held a: 
the Forty & Eight Club with an excellen: 
dinner at 6:30 P.M. and the regular busi 
ness meeting at 8:00 P.M. 

A. R. Lytle, Research Metallurgist 
Union Carbide and Carbon Researe} 
Labs., Niagara Falls spoke on “Practica 
Aspects of Pressure Welding,’’ which was 
interesting, well presented and illustrated 
with slides and motion pictures 


WICHITA 


The Wichita Section of the Ameru 
WELDING Society held the regular Octo- 
ber meeting at 8:00 P.M., Oct. 25, 1944 
in the Bamboo Room of the Broadview 
Hotel. 

The Executive Committee  toget 
with the speaker and two guests had di 
ner at 6:00 P.M. at the Broadview Hote 

The regular meeting began promptly 
at 8:00 as there was a very full prograi 
outlined for the evening. The meet 
began with an introduction of the offic: 
and other members of the Executive Co: 
mittee. 

Several 


members had attended 


National Metals Congress. Howar 
Smith, O. C. Coppenbarger, Mr. Hanshaw 
and R. L. Townsend each gave about 4 


five-minute report on the things of interest 
that they observed while in Cleveland 

About 20 minutes of a sound movi 
war film entitled ‘‘A Film Report,” wa 
shown. 

F. L. Goldsby, Assistant Chief lng 
neer of Chicago Bridge & Iron Co., was our 
speaker for the evening. His subject was 
“Design for Welding.”’ Due to inabuilit 
to furnish a projector Mr. Goldsby was 
unable to show the slides he had. M: 
Goldsby gave a very fine talk regarding th' 
design for welding. This was followed 
by a very lengthy ‘“‘Question and Answer 
period which was very interesting 

There were about 60 members a" 
guests present. 


YORK-CENTRAL PA. 


The York-Central Pa. Section held its 


first meeting for the 1944-45 Season on 
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Wednesday, Oct. 11, 1944, at the Engi- 
neering Society of York Building, York, Pa 
Chairman C. Lewis Kerchner called the 
meeting to order at 8:15 P.M. 

The sound movie ‘Stainless Steel’ 
showing the manufacture of stainless steel 
from electric furnace to the finished prod- 
uct was shown. W. R. Grunow, who is 
associated with the Alloy Sales Division 
of Alleghany Ludlum Steel Corp., was the 


BIRMINGHAM 


Day, J. R. (C), Continental Gin Co., 
4500—5th Ave., So., Birmingham, Ala. 

Killingsworth, T. C. (C), 1101 S. 28th St., 
Apt. 3B, Birmingham 5, Ala. 

Korner, C. E. (C), Alabama School of 
Trades, E. Gadsden, Ala. 

Lanier, Monro B. (B), The Ingalls Ship- 
bldg. Corp., Birmingham, Ala. 


BOSTON 


Yuritch, W. Frank (B), 25 Parkway Ave., 
Cranston 5, R. I. 


CANADA 


Dawson, Paul C. (B), Dominion Oxygen 
Co., Ltd., 3737 St. James St., W., 
Montreal, Que., Canada. 

Simard, Roland (C), Marine Industries, 
Sorel, Quebec, Canada. 


CANTON 


Hose, Willard C. (C), Griscom Russell 
Co., Third & Wetmore Sts., Massillon, 
Ohio. 

Mooney, Hugh A. (B), U. S. Navy, Insp. 
of Machinery, Babcock & Wilcox Co., 
Barberton, Ohio. 

Mullane, Leo T. (B), 2621 Clyde, S. W., 
Canton, Ohio. 

Tidink, Geo. R. (C), 824 Sheffield Ave., 
N. E., Massillon, Ohio. 


CHICAGO 


Bellmire, Herman S. (8B), National 

’ Cylinder Gas Co., 4700 W. 19th St., 
Chicago, Ili. 

Bender, Ray C. (B), 3548 Archer Ave., 
Chicago 9, Il. 

Carlson, Roy (8), 512 Spruce St., Ham- 
mond, Ind. 

Carney, Robert A. (C), 1314 Evers Ave., 
Maywood P. O., Westchester, Ill 

Chouinard, A. F. (B), 731 Addison St., 
Chicago 13, Ill 

Foys, Edward J. (C), 3751 W. S&8th Place, 
Chicago 29, Ill 

Henry, Slater B. (C), 1935S. Austin Blvd., 
Cicero 50, Il. 

McClure, James M. (BB), R. R. 6, Ft 
Wayne &, Ind 

McGuire, Frank, Jr. (C), The Linde Air 

Products Co., 230 N. Michigan Ave., 

Chicago, IIl. 


speaker for the evening. The subject of 
his address was ‘‘Welding of Stainless 
Steels.’’ Following Mr. Grunow’s address 
the sound movie in color ‘‘The Metallic 
Are Welding of Chromium-Nickel Steels’ 
was shown. A lively 15-min. discussion 
period was then held. 

A Fog. Machine was exhibited by York 
Shipleys Inc. The major part of the 
machine was fabricated of many stainless 


List of New Members 


October 1 to October 31, 1944 


McLean, Jasper T. (B), 135 S. La Salle 
St., Chicago, Il. 

Spaninger, William W. (C), Chicago Steel 

& Wire Co., 10257 Torrence Ave., 

Chicago, 


CINCINNATI 


Guerry, Wm. A., St.Sgt. (B), 31 Highland 
Ave., Fort Thomas, Ky. 

Hous, Robert M. (C), 2433 Ravenwood 
Ave., Dayton 6, Ohio. 

Wallace, Robert A. (C), The Cincinnati 
Milling Machine Co., P. O. Box 11, 
Plainville, Hamilton Co., Ohio. 


CLEVELAND 


Beaver, Gordon Earl (C), 1850 E. Erie 
Ave., Lorain, Ohio. 

Catalano, James (C), Euclid Rd. Ma- 
chinery Co., 1465 E. 175th St., Cleve- 
land, Ohio. 

Connavghton, Richard G. (C), 2209 W. 
Erie Ave., Lorain, Ohio. 

Crawford, Edwin E. (C), 703 Curtis St., 
Middleton, Ohio. 

Crawford, Thomas J. (B), 1473 Ford Ave., 
Youngstown 4, Ohio. 

Hudak, Edward F. (C), Euclid Rd. Ma- 
chinery Co., 1361 Chadron Rd., Cleve- 
land 17, Ohio. 

Hudson, Oliver G., Jr. (C), 910 Wick 
Ave., Youngstown 4, Ohio. 

Jones, James E. (C), Van Dorn Iron Wks., 
2685 E. 79th St., Cleveland, Ohio 

Kuhen, Floyd G., Jr..(C), S. K. Wellman 
Co., 1374 E. 51st St., Cleveland, Ohio. 

Matlow, George (C), 3547 E. 154th St., 
Cleveland, Ohio . 

Miller, Ray (C), 12815 Brackland Ave., 
Cleveland 8, Ohio. 

Mitchell, Leonard J. (B), 1921 Revere 
Rd., Cleveland Hts., Ohio. 

Nimon, Wesley M. (C), 313 Alexander 
Ave., Lorain, Ohio. 

Peters, Julius H. (B), The Colonial Iron 
Wks. Co., 17643 St. Clair Ave., Cleve- 
land, Ohio 

Seidman, Emil (C), c/o Lewis Welding & 
Engrg. Corp., Bedford, Ohio 

Seiple, Raymond A. (B), 6621 Hough 
Ave., Cleveland, Ohio. 

Warner, Clarence J. (B), 3407 Henderson 
Rd., Cleveland, Ohio 


COLUMBUS 


Emig, E. W. (C), 469 Townsend Ave., 
Columbus, Ohio. 
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steel spinnings ranging from 18 t, 
in thickness 


The attendance consisted of 12 
bers and guests 

The complete program of cominy me 
ings was given in the September 


activities. 


Hart, Ralph W. (C), 1539 E 
Columbus 5, 

Kendrick, John F. (B), 16 E 
Columbus 15, Ohio. 


Alcock, James N. (C), Saginaw Weld) 
Supply Co., 
Saginaw, Mich 

Becker, Wm. Chas. (B), 4654 Cope P 
Detroit 13, Mich 

Davidson, Geo. W. (C), Arthur Hil! Tra 
School, 500 


Mich. 


Evans, Edward (B), Joyce Bros 
224 Charles St., River Rouge 
Gearns, Mrs. Robt. 
Welding, 224 Charles St., River Roug 


18, Mich. 


Gearng, Robt. (B), Joyce Bros. Welding 
224 Charles St., River Rouge 18, Mic! 
Gresehover, John G. (B), 18485 Lenor 
Ave., Detroit 19, Mich. 
Hart, J. M. (B), Fruehauf Trailer Co 
10940 Harper Ave., Detroit 32, Mich 
Heins, Wilbur (C), Hugh Lee [Iron Wk 
925 S. Water St., Saginaw, Mich 
Hutchison, Raymond A. (B), 
roughs Ave., Flint 3, Mich. 
Joyce, John M. (B), Joyce Bros. Welding 
224 Charles St., River Rouge 18, Mu 
Joyce, Luke (B), Joyce Bros 
224 Charles St., River Rouge 18, M 
Korff, G. L. (B), Fruehauf Trailer ( 
10940 Harper Ave., Detroit 32, Mich 
Letts, W. F. (B), 1054 King Hwy,, Linco! 
Park, Detroit 25, Mich. 
Lynbon, Lyde (B), Joyce Bros. Welding 
224 Charles St., River Rouge 18, Mi 
Periard, Louis A. (C), Saginaw Welding 
Supply Co., 
Saginaw, Mich. 

Rosenbusch, Elmer P. (B), 11260 Minde: 
Detroit 5, Mich. 

Schenck, Robt. (C), Buick Motor Div: 
General Motors Corp., 

Schmidt, Harold (B), 
Co., 10940 Harper 


Mich 


Smith, Eugene F. (8B), 
Detroit 24, Mich 
Stevens, Wm. E. (B), 

Detroit 4, Mich 
Stull, Ruth M. (C), Box 317, 

Saginaw Rd., Grand Blanc, 
Tiedemann, A. C. (A), 

3839 Wabash Ave., 


of the 
sembly involved both gas and 
arc methods. 
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They Look Alike™..but What a Difference! 


Two spot welding tips may look identical to the eye. But if one 
is manufactured by Mallory, you have a right to expect im- 
proved performance and longer operating life. 


Mallory tips, made of Elkaloy* A, Mallory 3+ and other special 
M Mallory alloys, maintain a higher Sa limit and resist- 
Br ance to annealing, particularly at high temperatures. That 
means less wear... less “mushrooming” out of shape... 
less “down time” for tip dressing...in short, faster and 
Mick better welding production. 


Mallory welding tip holders offer comparable features of 
Co superiority. Designed to accommodate liquid coolants, they 
keep tip temperatures down and performance up. They’re built 
to protect vital interior parts. They have an ingenious knock-out MALLORY SPOT WELDING 
Bur device that allows tips to be removed quickly—with a slight «TIPS AND HOLDERS | 


hammer blow at the opposite end. 


Check the big selection of Mallory spot welding tips and 
+ holders shown here. They’re all available from stock. A copy 
C of our catalog will give you full details—and familiarize you 
, with Mallory seam welding wheels, shafts and bushings, flash, 
butt and projection welding dies. 


Send for your copy of the proses | Resistance Welding tip and 
fing holder Catalog today. For special help in design and applica- 
1 tion problems, write us any time. 


* Registered trademark of P. R. Mallory & Co., Inc., for welding electrode material 
| Registered trademark of P. R. Mallory & Co., Inc., for copper alloys 


P.R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA SEE) 


Hetp Them Fight Harder — 
Get Them Home Sooner — 
Buy Government War Bonds 
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INDIANA 


Hammond, Chas. D. (C), Westport, Ind 
Spurlin, D. E. (B), 940 S. West St, 
Indianapolis, Inc. 

Steele, B. L. (C), Allied Weld-Craft, Inc., 
401 W. South St., Indianapolis, Ind 
Yager, Loral M. (B), 2201 E. Michigan 

St., Indianapolis, Ind 


LEHIGH VALLEY 


Kleopfer, Robt. G. (C), 438 N. Fulton St., 
Allentown, Pa. 

Yost, Victor S. (C), 1425 Main St., Naza 
reth, Pa. 


LOS ANGELES 


Arthur, J. B. (B), 8314 Loyola Ave., 
Venice, Calif. 

Best, Lindley M. (C), General Elec. Co., 
212 N. Vignes, Los Angeles 54, Calif 
Brannan, Lambert V. (C), Waldrip Engi 
neering Co., 11810 Center Ave., Holly- 

dale, Calif. 

Caluwaert, John P. (C), 726 Portola, 
Glendale 6, Calif. 

Doyle, R. O. (C), 3815 Chestnut, Long 
Beach, Calif. 

Fairchild, M. H. (B), Kelite Products, 
Inc., 909 E. 60th St., Los Angeles 43, 
Calif. 

Gaugler, Basil W. (C), Waldrip Engi 
neering Co., 11810 Center Ave., Holly- 
dale, Calif. 

Geiszler, Martin (C), Waldrip Engineer 
ing Co., 11810 Center Ave., Hollydale, 
Calif, 

Crandell, Frank R. (C), 6709 E. Fry St., 
Bell Gardens, Calif. 

Harris, C. A. (C), 7734 Ramish Ave., Bell 
Gardens, Calif. 

Joy, Eugene E. (C), Sawyer Electric Mfg 
Co., 5701 Smithway St., Los Angeles 
22, Calif. 

Martin, Glenn L. (C), 248 E. 67 St., 
Long Beach 5, Calif. 

McPherson, Robt. H. (C), 12014 Cornish 
Ave., Lynwood, Calif. 

Reedy, John A. (C), 6046 Main St., Holly 
dale, Calif. 

Stephens, Hez C. (C), 1138 Lagoon Ave., 
Wilmington, Calif. 

Tindall, John H. (C), 3563 Keystone, 
Palms, Calif. 

Zimmerman, Clyde M. (C), Sawyer Elec 
tric Mfg. Co., 5701 Smithway St.. 
Los Angeles 22, Calif. 


LOUISVILLE 


Coffinberry, Arthur S. (B), 129 N. Hub- 
bard Lane, Louisville 7, Ky. 

Didlah, P. H. (B), 101 E. Chestnut St., 
Louisville, Ky. 

Harper, Edwin (B), P. O. Box 45, Green 
ville, Ind 

Jones, Edw. P. (B), Rt. 1, Sellersburg, Ind. 

Randolph, Noel T. (B), 4108 S. First St., 
Louisville, Ky. 

Skidmore, Ray (B), 403 S. 
Louisville, Ky. 

Sosnin, H. A. (B), 1664 Beechwood Ave., 
Louisville, Ky. 


First St., 


MARYLAND 


Edmiston, Paul (C), 2901 Dunmore Rd, 
Dundalk, Baltimore 22, Md 

Stamm, Leonard F. (C), 3302 W. Franklin 
St., Baltimore 29, Md. 


MILWAUKEE 


Bowman, Howard J. (B), Trent Tube 
Mfg. Co., East Troy, Wisc. 
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Olson, Harold S. (C), 24C Park PIl., 
Superior, Wisc. 


MOBILE 


Brouillette, Robert C. (B), 7 Ryan St, 
Chickasaw, Ala. 

Cirillo, Hugo J. (B), Satsuma, Ala. 

Wilvert, C. Hurley (B), 150-D Marshall 
Court, Prichard, Ala 


NEW JERSEY 


Bush, William (B), Lloyd Engineering Co., 
55 Stephens St., Belleville, N. J. 

Maurer, Mortimer (C), 24 Day St., 
Clifton, N. J. 

Mitchell, Raymond S. (C), 36 Stewart 
Ave., Arlington, N. J. 

Mittag, I. W. (C), 18 Franklin Ave., 
Ridgewood, N. J. 

Reynolds, Guy M. (B), International 
Corp., 184 Clifford St., Newark, N. J. 


NEW YORK 


Belkind, Fred D. (C), 292 Montauk Ave, 
Brooklyn 8, N. Y. 

Bronson, C. B. (B), N. Y. Central System, 
Rm. 1026, 466 Lexington Ave., New 
York, N.Y. 

Gargagliano, Leonard (C), 170 Harman 
St., Brooklyn 21, N. Y. 

Juceam, Bernard (C), 1329—36th St., 
Brooklyn, N. Y 

Kiernan, Jos. F. (C), 134 South St., Jersey 
City 7, N. J. 

Newman, Harold J. (C), Wheeler Ship 
bldg. Corp., Ft. 154th St., Whitestone, 
L.i., N. ¥. 

Straus, Max. (C), James H. Merritt & 
Co ,215E. 27th St , New York, N. Y. 
Strugh, Byron M. (C), Air Reduction Co., 
Rm. 1663, 60 E. 42nd St., New York, 

¥. 

Taylor, Robt. B. (C), Oak St., Copiaque, 


NORTHERN NEW YORK 


Marinelli, Joseph (C), General Electric 
Co., Rm. 106, Bldg. 7, Wks. Lab., 
Schenectady, N. Y. 


NORTHWEST 


Ericson, L. W. (C), 
Minneapolis 10, Minn. 

Hamlin, Burnell J. (C), 717 Morgan Ave., 
N., Minneapolis, Minn 

Meierhoff, Marvin W. (8B), Modern 
Plumbing & Heating Co., 216 E 
Superior St., Duluth 2, Minn. 

Wallner, Leo D. (C), Zenith Dredge Co., 
Duluth, Minn 


4908 Brookside, 


OKLAHOMA CITY 


Conley, Geo. D. (C), 5125 Belle Isle Ave., 
Oklahoma City 6, Okla. 

Stansberry, Harold E. (C), Federal Sup 
ply Co., 120 FE. Main, Oklahoma City, 
Okla. 


PASCAGOULA 


Chruma, Paul A. (C), P. O. Box 113, 
Pasé¢agoula, Miss. 

Davis, H. L., Jr. (C), 1005 E. Convent 
Ave., Pascagoula, Miss. 

Dunston, M. G. (C), 902—13th St., 
Pascagoula, Miss. 

Nettles, Geo. T. (C), 1005 Taylor Ave., 

Pascagoula, Miss. 
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Rice, Willard C. (C), Ingalls Shipbld 
Co., Kreole, Miss. 
Smith, B. J. (C), P. O. Box 3: Pases 
goula, Miss. 
Sprinkle, J. C. (C), 408—17th Ss: 


Pasca 
goula, Miss. 


PHILADELPHIA 


Balme, Kennard P. (C), 1117 S. sj 
St., Philadelphia, Pa. 

Constantine, Leonard R. (C), 14064 s 
Elizabeth St., Wilmington 48, Del 
Hunsberger, Francis W., Jr. (C), 44 Gree, 

Valley Rd., Wallingford, Pa 

Iannetti, Armand (C), 2644 Gerrit: 5 
Philadelphia 46, Pa. 

Manley, Neal S. (C), Philadelphia Nay, 
Yard, Philadelphia, Pa. 

Morse, Samuel S. (C), Naval Architec: 
Cramp Shipbldg. Co., Philadelphia 25 
Pa. 

Rhodes, Clarence Killian, Jr. (C), 6\() 
14th St., Chester, Pa. 

Russell, Chas. E. (B), Philadelphia Ff) 
tric Co., 1000 Chestnut St., Phila 
delphia, Pa. 

Sharples, Wm. B. (C), 824 Drexel Ay 
Drexel Hill, Pa. 


PITTSBURGH 


Alexander, David (C), 964 Davis Aw 
Pittsburgh 12, Pa. 

Chittister, Harold W. (C), 541 Mercha 
St., Ambridge, Pa. 

Crawford, I. A. (B), Box 1082, East Pitt 
burgh, Pa. 

Eck, Karl (C), Palley Mfg. Co., 1019 B 
well St., Pittsburgh 12, Pa. 

Filbert, John L. (B), Page Steel & Wi 
Div., American Chain & Cable ( 
Inc., Monessen, Pa. 

Kaufman, F. A. (B), Mellon Institut 
Industrial Research, Fifth Ave., Pitt 
burgh 13, Pa. 

Shettler, Harold D. (C), Harnischf 
Corp., 1526 Farmers Bank BI! 
Pittsburgh, Pa. 

Siebert, Edw. A. (C), Pittsburgh Weld 
Corp., 1201 Ridge Ave., N. S., Pitt 
burgh, Pa 

Werner, Edw. (C), 1019 Bidwell S 
Pittsburgh 12, Pa. 


PORTLAND, ME. 


Arnold, Clifton J. (C), Portland Rd., Sace 
R. F. D. 1, Portland, Me. 

Bradway, F. M. (C), 29 Deerfield Rd 
Portland, Me. 

Cole, Charles A. (C), Wells, Me 

Crom, Laurence A. (C), 96 Pennell Av: 
Portland, Me. 

Footer, Milton E. (C), 130 Fort Rd., Souti 
Portland, Me. 

Kennedy, Geo. C. (C), 1544 Broadway 
South Portland, Me. 

Locke, Gary W. (C), North Gorham, M 

Warner, Truman E. (C), R. F. D. 4, Fal 
mouth Foreside, Me. 


PORTLAND, ORE. 


Donnelly, W. (B), 660 N. Thompson 5 
Portland, Ore. 

Eads, Mark (B), 9723 S. E. Knight > 
Portland 6, Ore. 

Elliott, J. H. (B), 3510 S. E. Adler 5t, 
Portland, Ore. 

Real, Louis M. (B), 527 S. E. Morrison 
Portland 14, Ore. 


PUGET SOUND 


Miller, Wesley Reed (C), 5912 16th 
St., (6) S. W., Seattle, Wash. 
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NOVIWELD-DIDYMIUM LENSES 


Paseg 


Your Welders 
EClearer, Safer Vision 


hia 2 ® They screen out sodium flare 


a They let the welder see his work in 
| Av clear, brilliant colors 


t ® They protect against ultra-violet 
and infra-red radiations 


B ® They are ground and polished to 
Wit ophthalmic standards 


Available in shades 3, 4, 5 and 6 


With a clearer picture of his 


work, the welder can lay clean- 


er beads. Asa result, secondary 


operations—chipping, grinding 


and wire brushing—cost less. 


Let an AO Safety Engineer give you a demonstration. 


Phone or write your nearest AO Branch Office. 


St. AO Duraweld Goggles are available 
with Noviweld-Didymium lenses 


| 
American @ Optical 


OMPANY 


‘eth SOUTHBRIDGE, MASSACHUSETTS 
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Morrissey, George F., Jr. (B), Puget 
Sound Sheet Metal Wks., 3631 E. 
Marginal Way, Seattle 4, Wash. 


ROCHESTER 


Drake, A. P. (C), 234 Matilda St 
chester 11, N. Y. 

Fetter, Herbert L. (C), 349 Orchard St., 
Rochester 6, N. Y. 

Hall, Stewart A. (C), 2290 Cherry Rd., 
Rochester 12, N. Y 

Hatch, Arthur (C), 
Rochester 12, N. Y. 

Healy, Milton M. (C), 31 Riverview PI, 
Rochester, N. Y. 

Martin, Wm. A. (C), 
chester 9, N. Y. 

Quirk, David R. (C), 
Rochester, N. Y. 

Strakosh, Walter C. (C), 232 Cobb Ter 
race, Rochester 10, N. Y. 


, Ro- 


239 Britton Rd., 


749 Bay St., Ro 


177 Clifton St., 


ST. LOUIS 


Polick, Isaac L. (B), 7646 Hawthorne P1., 
University City, Mo. 


SAN FRANCISCO 


Anzini, Daniel I. (B), General Elec. Co., 
806 Russ Bldg., San Francisco, Calif. 
Gauthier, Raymond E. (B), P. O. Box 444, 

Alameda, Calif. 

Hansen, Alf (B), General Electric Co., 
235 Montgomery St., San Francisco, 
Calif 

Lopez, Ray A. (B), 3440 Storer Ave., 
Oakland, Calif. 


SOUTH TEXAS 


Carstens, Fred A. (C), A. O. Smith Corp., 
Houston Wks., P. O. Box 25381, 
Houston 1, Tex 

Davis, R. M. (C), 4032 Marlow St., Hous 
ton 5, Tex. : 

Hibbard, Wm. E. (C), 6649 Wakeforest, 
Houston, Tex. 

Laws, Ted A. (B), Constr. & Maint. Co. 
of Texas, 6505 Navigation Blvd., 
Houston 11, Tex. 


BIRMINGHAM 
Browning, W. B. (from C to B), The Linde 


Air Prods. Co., 1001-13 S. 22nd St., 
Birmingham 1, Ala. 


BOSTON 


Lamontagne, Joseph A. (from D to C), 
13 Champlain Ave., Lawrence, Mass. 


CHICAGO 


Bratkovich, Nick (from D to C), 5621 S. 
Natchez Ave., Chicago 38, Ill. 
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McCain, David James (C), 12665 Yancy 
Dr., Houston, Tex. 

Porter, C. E. (C), 1101 Omar Ave., Hous- 
ton, Tex. 

Shehee, Sam W. (C), A. O. Smith Corp., 
P. O. Box 2531, Houston 1, Tex. 

Wartgow, E. A. (C), A. O. Smith Corp. 
Houston Wks., Box 2531, Houston, 
Tex. 


SYRACUSE 


Barksdale, Lawrence (C), 409 Dewitt St., 
Syracuse, N. Y. 

Burkhardt, Wm. L. (C), 162 Maplewood 
Ave., Syracuse 5, N. Y. 

Fisher, Edwin M. (C), c/o Utica Steam 
Engine Boiler Wks., 800 Whitesboro 
St., Utica 4, N. Y. 

Walters, Herbert H. (C), 310 Barrington 
Rd., Syracuse, N. Y. 


TIDEWATER 


Ellington, Wayland C. (C), 104 Channing 
Ave., Cradock, Portsporth, Va. 

Page, Chas. Edmund (B), 201 Clay St., 
Suffolk, Va. 

Watson, James A. (C), 1412 Columbus 
Ave., Apt. B, Portsmouth, Va. 


WASHINGTON, D. C. 


Clark, Harlan D. (B), Naval Ordnance 
Laboratory, Bldg. 210, 302L, Wash- 
ington Navy Yd., Washington, D. C. 

Mack, Jay O. (C), Naval Research Labora- 
tory, Metallurgy Div., Washington 20, 


WESTERN MASS. 
Greenan, John C. (B), 59 Fort Pleasant 
Ave., Springfield, Mass 
Martignetti, Anthony (B), 96 Reed St., 
Agaurm, Mass. 


WESTERN MICHIGAN 


Foxx, Walter H. (C), 21 Wilkes St., Battle 
Creek, Mich. 
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CLEVELAND 


Johnson, Ruel T. (from C to A), Gashe at 
High, Wooster, Ohio. 

Loftfield, Sigurd (from C to B), 19421 
Ormistor Ave., Euclid 19, Ohio. 


COLUMBUS 


Green, Howard C. (from D to C), c/o 
Arthur G. Green, 507 Sheldon Ave., 
Columbus 7, Ohio. 


DETROIT 


Rousseau, E. J. (from B to A), Commerce 
Pattern Fdy. & Mach. Co., 7450 Mel- 
ville at Green, Detroit 17, Mich. 
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time was when it was considered impos- 


sible to spot weld heavy gauges with a 


balanced three-phase load... 


now provides the answer! 


Both manufacturers and power companies have long torn 
their hair over the problem of spot welding heavy gauges. 
Conventional AC single phase welders cause serious dis- 
turbance to the usual three-phase power supply, operate 
at low power factor because of the heavy reactive load, 
and demand high power due to the high secondary 
resistance. 

In announcing the “THREE-PHASE”, Sciaky presents a 
method of resistance welding heavy gauges which effect- 
ively solves these problems. By employing an ingenious 
system of rectification and reconversion, Sciaky welders 
now operate on a balanced Three Phase load at 
near unity power factor (use less KVA). 

Watch for subsequent announcements explaining the 


operation of the “THREE-PHASE.” 


Manufacturers of a Complete Line of AC and DC Electric Resistance 
Welding Machines 


4915 West 67th Street Chicago 38, Illinois 


Offices in Detroit, Los Angeles, Washington and Cleveland 


Representatives in Principal Cities 
In England: Sciaky Electric Welding Machines, Ltd., London 
In France: Sciaky S.A., 13, 15 Rue Charles Fournier, Paris 
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PEARL HARBOR 


Davis, Roncisco H., Welding Engr. (from 
C to B), c/o Shop Supt. Office, U. S. 
Navy Yard, Pearl Harbor, T. H. 

Milligan, James H. (from D to C), 1088 
S. Beretania St., Honolulu, T. H. 


PHILADELPHIA 


Dannenberg, R. A. (from D to C), 2264 
N. Park Ave., Philadelphia 32, Pa. 


PORTLAND, ME. 


Boyington, Kenneth A. (from D to C), 


77 Bonny Bank Rd., South Portland, 
Me. 


INSTRUCTION OF AIRCRAFT 
WELDING OPERATORS 


Continuing its program of formulating 
training standards for welding operators, 
the American Welding Society has pub- 
lished ‘‘Part B-1—-Oxy-Acetylene Welding 
of Steel-Aircraft’’ of the ‘““‘Code of Mini- 
mum Requirements Instruction of 
Welding Operators.”’ 

Two courses are established, one pri- 
mary, the other advanced, with welding 
exercises and lectures in related welding 
information prescribed for each. Success- 
ful completion of a course by a trainee 
should enable him to pass qualification 
tests such as those required for Class A 
and Class B Army and Navy aircraft 
welding operators. 


for 


arbide 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


PUGET SOUND 


Clowe, Wayne (from D to C), 8802 Del- 
ridge Way, Seattle 6, Wash. 

Styer, C. M. (from C to B), Pacific Car & 
Fdy. Co., 220 W. Hudson St., Seattle 6, 
Wash. 


SAN FRANCISCO 
Drachenfels, Alec (from D to C), 1983— 
32nd Ave., San Francisco 16, Calif. 
Reider, Stanley E. (from D to C), 833 
York St., Vallejo, Calif 
SOUTH TEXAS 


Curtin, G. Rex (from D to C), 139 Utah, 
Baytown, Tex. 


Supplementing the course material, the 
several appendices cover: accessory equip- 
ment for welding schools; testing appa- 
ratus and its application; recommended 
safety rules; the classification and use of 
welding rods; suggested exercises for each 
course; a suggested form for recording 
trainee progress; a suggested form of 
record card; and an annotated selected 
bibliography of publications related to 
oxy-acetylene welding 

Prepared by a collaboration of voca- 
tional educators and welding men, Part 
B-1 embodies the combination of sound 
welding data and its presentation in ac- 
cordance with modern vocational educa- 
tion principles. 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


NATIONAL CARBIDE CORPORATION 
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WASHINGTON, D. c. 


Jackson, C. E. (from C to B), 66 


Ave., Takoma Park Sta. 12, 1) ¢ 


WESTERN MICHIGAN 


Layman, R. D. (from C. to B 
Elec. Co., 200 Division, No 
Rapids 2, Mich. 


YORK-CENTRAL PENNA 


Etters, Lloyd E. (from D to C 
lantic Ave., York, Pa. 


The course outlines in Part B 
the form of ‘“‘Part A—Arc Weld; 
Steel’ of the 
ments” which was issued in July 
has been widely used by the U. § 


Gray 


‘Code of Minimum Rk, quir 
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Poplar 


of Education in training welding operato; 


under the National Defense Progran 
by others in similar training progr 


KI 


under which many welding operato 
been trained and are now making 
contribution to the War Effort 
Copies of the standard, in the for 
convenient 6 X 9-in. bulletin, may 
tained from the AMERICAN WELDIN 
CIETY, 33 West 39th Street, New 
N. Y¥., ata price of 50 cents per copy 
special discounts for group quantitic 
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ENGINEERING FOUNDATION 


Welding Research Council 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 
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Contact Resistance Measurements as 
Control for Preweld Cleaning 


I. Introduction 


rm of EASUREMENT of the contact resistance be- 
y be o tween test specimens of aluminum alloys has 
been successfully used for over a year as a 
production control of cleaning solutions used prior to 
pot welding. When the contact resistance values from 
he final cleaning tank exceed a level chosen by experience 
jt is an indication (1) that the solution has deterio- 
rated from continued use, (2) that prescribed cleaning 
procedure has not been carefully followed, (3) that the 
cleaned material has been exposed to factory atmosphere 
too long, (4) that the solution has been accidentally 
ntaminated by some foreign substance, (5) that the 
solution concentration or pH has deviated from the 
optimum value or (6) that the material cleaned is 
below 0.040 in. in thickness, in which case the contact 
resistance values are in addition a function of the past 
heat-treatment history of the alloy. Any one of the 
above factors, except in all cases (6), has been observed 
to influence the quality of the spot welding adversely 
when the welding department is operating with pre- 
scribed machine settings. If routine contact resistance 
measurements are made, such difficulties can be imme- 
lately detected and attributed to preweld cleaning. 
Jtherwise there is a tendency to suspect welding machine 
lifficulties, or on the other hand, to assign to improper 
‘eaning poor quality in the spot welds caused by faulty 
welding procedure. 
_No other physical or chemical measurement has been 
uscovered for the cleaning solution discussed in this 
paper that indicates as reliably in regular production 
work as does the contact resistance measurement, the 
sistency, uniformity and quality of the aluminum 
Surlace preparation, or the need for renewing the solution. 
his conclusion is drawn from contact resistance 
measurements made on a very large number of test speci- 
— ol 24-ST Alclad and 61-SW aluminum alloy in a 
| Procuction welding department, supplemented by many 
‘imilar measurements made in the laboratory. Further- 


— 
— more, the best over-all weld quality has been observed 
to be associated with contact resistances that are as low 
1S consistent with normal production cleaning practice. 
‘His Statement, however, is not to be interpreted to mean 
‘i Assistant Chief Physicist and Physicist, respectively, Armstrong Cork 

Lancaster, Pa. 
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of Aluminum Alloys 


By G. W. Scott, Jr., and E. B. Charles* 


that it is impossible to spot weld at high contact resist- 
tances. By proper welding machine adjustments it is 
feasible to compensate for the high contact resistance 
encountered in passing from work cleaned carefully to 
that cleaned to a considerably higher resistance. It has 
been the practice to include with the welding machine 
settings, for a given alloy and gage combination, the 
range of contact resistance over which they are most 
satisfactory. The higher contact resistance values are 
inherently more inconsistent than the low values, as may 
be seen from Curves A in Figs. 13 and 15, so that for 
prescribed machine settings weld quality in the former 
case is less uniform. Although it is recognized that the 
contact resistance between two aluminum surfaces 
breaks down during the first few milliseconds of the 
welding pulse, it has been illustrated from magnetic os- 
cillograph studies that with fixed machine settings low 
peak welding currents are observed in practice with 
high contact resistances and vice versa. In production 
it is impractical to compensate machine settings con 
tinually for the erratic resistance values inherently en- 
countered when the contact resistance level is high. 
Consequently, these facts argue that a minimum contact 
resistance is optimum for production work since other- 
wise spits, cracks, and lack of slug symmetry are very 
prevalent, and tip life is measurably shortened. The con- 
tact resistance limits for best welding under various 
conditions will be set forth below. 


II. Description of Apparatus and Measurement 
Technique 


The contact resistance measuring apparatus is illus- 
trated in the photograph of Fig. 1 and in the circuit 
diagram of Fig. 2. The determination of the contact 
resistance between two aluminum surfaces depends 
upon passing a current through the test specimens, 
measuring the voltage drop across the faying surfaces 
and solving Ohm’s law for the resistance. The speci- 
mens are normally held together in a press with copper 
alloy electrodes simulating welding electrodes (lower 
radius 3 in. against flat upper) loaded by a calibrated 
spring. This press is similar in design to one used 
by the R.P.I. welding laboratory... Much of the 
work, however, has been done with a portable dead-load 
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press mounted on wheels (not shown in Fig. 1) with  i00 ALLOY.032-245T ~~ 
electrodes duplicating those specified above, which may A A—HIGH INITIAL RESISTaN 
be operated conveniently and rapidly either in the labo- gp 
ratory or in the production department. Current for Tory 
the electrodes is supplied by a 1-kw. stepdown trans- +1 
former (110 to 33 v.) regulated by a 2-kva. autotrans- 6 | 
former. The secondary of the current transformer is 4-4 \ ia 
loaded with a l-ohm carbon resistor, a 50-mv.—600-amp. | | 
shunt (83.3 microhms), and a 0-30-amp. a.-c. meter, 40 t+ | 
as well as the aluminum specimens between the elec- w 30 Al | | | 
trodes. The voltage across the faying surfaces is eg (=e | ‘eke 
measured by means of a Ballantine Model No. 300 = 
vacuum tube voltmeter together with Ballantine Model 10 

No. 220 decade amplifier (ranges 10 X and 100 X). p bef | | | 
This combination covers a range of about 30 uv. to 100 v. 0 100 200 300 400 500 600 700 600 900 10001100 


In case it is desired to check the calibration of the ELECTRODE FORCE IN POUNDS 
measuring instruments, a DPDT switch allows the volt- 
meter to be connected across the 83.3-microhm standard 
resistor. 


Fig. 3-—Effect of Electrode Force on Contact Resistance 


the Aircraft Welding Standards Committee of ; 
AMERICAN WELDING Society.” Many of the curves 
ry lah : typical, having been chosen from a group, all of whi 
= represent the same general contact resistance behavior 
The electrode force used throughout the work report 
in this paper has been 450 lb. Although this for 
somewhat lower than is normally encountered 
welding practice, it was thought suitable for this devel 
mental work because it is high enough not to impair 
consistency of the determinations and yet low enough | 
be relatively more responsive to changes in cont 
resistance brought about by variation in the ck 
action of the solutions. As a result of the 450-lb 
trode force the contact resistance values are somew! 
higher than those determined by others! at greater fore 
The curves in Fig. 3 illustrate change in contact resista: 
as a function of electrode force in two typical cases 
which it is possible to compare these data with | 
taken at higher electrode force. The standard 
(- (aa cedure has been to determine the contact resist 
using 20 amp. a.-c. through the electrodes. Howey 


Fig. 1—Photograph of Contact Resistance Apparatus. A 


Avtotrancicemer, B—Carrent Trendioemer. C__Ammeter, D alternating currents up to 60 amp. have been employ: 
Carbon Load Resistor, E—Standard Resistor, F—DPDT Switch, showing contact resistance to be independent of curr 
G—Sensitive AC Voltmeter, H—Spring Loaded Press, ]—Test through the electrodes in this range. The results ar 

Specimens not altered by employing direct current of the san 


magnitude and substituting a Rubicon portable pre 
WSVOLT STANDARD cision potentiometer for the Ballantine vacuum 
RESISTOR voltmeter. Furthermore, the contact resistance mea 
633 ud = urements made with the calibrated spring and the deat 
-+—> load presses give identical results. 
TRANS - ha The equipment represented in Figs. 1 and 2 1s | 
oe recommended for routine contact resistance measur 
- oDP.0.1. ments as a production control for preweld cleaning 
SWITCH 
8 aluminum alloys. It has been found to be convent 
to operate, a reliable indication of cleaning soluti 
GZ behavior and is not expensive to install. 
7G 
LOAD RESISTOR 
Z TEST 
A-BALLANTINE VOLTMETER Y SPECIMENS Ill. Cleaning Curves 
AND DECADE AMPLIFIER ; 
B-AMME TER -RANGE 0- 
AMPERES OE 0-25 ELECT RODES In order to determine optimum immersion times 10! 
production preweld cleaning procedure, it is mecessa! 
Fig. 2—Circuit Diagram of Contact Resistance Apparatus to take resistance measurements for a set of cl 


curves, i.e., average contact resistance plotted «: 

immersion time. This has been done for a varict 
The determination of a representative contact resist- - alloys and gauges under actual operating conditwrs 

ance is essentially a statistical problem, due to non- represented in Figs. 4 to 6 with a commercially a\ 
uniformity of surface films of grease and pf aluminum acid etch (185° F.) preceded by an alkaline degr 
oxide as well as other material variations. * In the data (200° F.) and a water rinse, and followed by a \ 

presented below each contact resistance value represents rinse with subsequent air drying. In the dat 
the average of at least 10 resistance determinations using sented below the 24-ST alloy is to be understood 
20 separate test specimens. The sizes of the specimens Alclad material. Furthermore, the cleaning curves 
are chosen in accordance with the recommendations of all for similar gauges in contact. The cleaning curve !\! 
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).072-in. 24-ST was found to’ be intermediate between the 
).051-in. and 0.081-in. gauges, but has been omitted from 
toavoid confusion. Although it is more convenient 
ind the results are less subject to variation to determine 
cleaning curves from beaker solutions in the laboratory, 
experience has shown that such data are not completely 
reliable in representing production conditions. Labora 
tory curves are shown in Figs. 12 and 14 for reference. 
Each of the points in Figs. 4 to 6 represents the average 
f at least ten resistance determinations, and all of 
the curves were taken on the same day in a fresh pro 
duction solution. Although the general level of the con 
tact resistance varies with the age of the tank, the relative 
time and contact resistance of the minima and the rela- 
tive slope of the curves on either side of the minima, with 
respect to gauge and alloy, have been observed not to 
viate 

lhe best quality production welding is possible with 
the following immersion times: 


Immersion Time 


Alloy Gauge, In. Min 
H1-SW 0.025-0.040 
24-ST (Alclad) 0.016—-0.025 3-3! 
~4-ST (Alclad) 0.032—0.072 5-5! 
24-ST (Alclad) 0.081—0. 125 8-3! 


\lthough these immersion times result in a different 
level of contact resistance for each gauge, particularly 
the thinner ones, they will be observed to represent a 
good compromise for minimum resistance within the 
range of gauges specified. The welding machine settings 


ta 


are accordingly determined for the resistance interval 
encountered at the minimum for each gauge combination. 

A careful examination of the curves in Figs. 4 to 6 
reveals certain facts about the general behavior of the 
group that are of interest. If the contact resistance at 
the minimum of the cleaning curve is plotted against 
gage for both 61-SW and 24-ST Alclad alloy, the curves 
of Fig. 7 result, wherein the contact resistance is seen to 
fall off rapidly and then more slowly as a function of 
thickness. The minima in the 61-SW curves are lower 
than those for 24-ST and, im general less critical to 
immersion time, indicating that 61-SW would be less 
dificult to weld in production than 24-ST. Experience 
has shown this to be the case. Furthermore, the curves 
of the thinner gauges not only have an increasingly higher 
minimum but also they are more sharply V-shaped as 
the gauge decreases. This condition m the thin gauges, 
together with the fact that the contact resistances are 
generally more erratic as well, will be discussed more fully 
later. Although the variation 1s not as smooth as for 
the case of the contact resistance im Fig. 7, it is shown tn 
Fig. S that the cleaning time for minimum resistance 
increases as a function of gauge in the case of 24-ST. 
Not enough thicknesses of 61-SW were available to 
make the results conclusive for this alloy. It should be 
pointed out that the time for minimum contact resistance 
has been found to be quite reproducible under actual 
operating conditions for the gaugesemployed. The clean- 
ing curve for the 0.125-in. gauge in 24-ST is shown dotted 
in Fig. 6 because of its anomalous shape. Several sepa 
rate determinations were made of this gauge, each agreeing 
with the dotted curve shown in Fig. 6, so that the 
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anomaly may definitely be considered real. To sum 
marize, one may conclude from the data in Figs. 4 to 8 
90}/+ + t + + + 
ALLOY 24ST 
60| \_| 
aN 
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Fig. 6—Cleaning Curves for Thick 24-ST Alclad Gauges 
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VAUGE IN INCHES 


Fig. 7—Effect of Gauge on Minimum Contact Resistance for 
61-SW and 24-ST Alclad Alloys 
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Fig. 8—Effect of Gauge on Cleaning Time for Minimum Con- 


tact Resistance in §1-SW and 24-ST Alclad Alloys 


for cleaning from a production tank that (1) thin gauges 
have high contact resistance at optimum times which are 
low, (2) thick gauges have much lower contact resistances 
at optimum times that are relatively higher and (3) 
the thin gauges should be cleaned with much more care in 
production than the thicker ones. 


IV. Holding Curves and Recleaning 


If the aluminum alloy is not welded immediately 
after being cleaned, one must consider how long it will 


hold the necessary low contact resistance values. 


It is 


known that a clean aluminum surface exposed to the 
atmosphere almost immediately acquires a film of oxide 
and if the atmosphere is contaminated with dirt and 
vapors, dirt and grease films will form almost as rapidly. 
The high, erratic contact resistance values of uncleaned 
material are, of course, attributed to these surface films. 

In Figs. 9 and 10 are plotted so-called holding curves 


for various gauges of 61-SW and 24-ST. 


These curves 


were determined by cleaning 20 test specimens to mini- 
mum resistance and leaving them exposed to a factory 


atmosphere for times up to 60 hr. 


At frequent intervals 


ten contact resistance determinations were made and 


the average used as a point on the holding curve. 


It will 


be observed that for both 61-SW and 24-ST the holding 
curves rise rapidly, and that after 24 hr. except for 0.064- 
in. and higher gauges the contact resistance is probably 


too high for satisfactory welding. 


Although from Fig. 


10 it is evident that the thinner gauges of 24-ST increase 
in resistance more rapidly than the thicker, this indica- 
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Fig. 9—Factory Holding Curves for 61-S Alloys 
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layer of aluminum oxide on the surface, and ther, f, 


This determination was identical to that for th, 


tion is probably accidental since in the factor, 
crease in resistance is due mainly to an accumu! 
dirt and grease films rather than to the format 


Lhe jn. 


tion 


the effect should be independent of thickness, pF 
dence in support of this statement is seen in the labor 
tory holding curve for 0.032-in. 61-SW plotted in | ig. 
curves except that the specimens were exposed ty 
clean laboratory atmosphere, precluding the format 
of any considerable dirt or grease films. The sm 
increase in contact resistance must be due to the for 
tion of an aluminum oxide layer. Consequently, it ; 
evident that if aluminum is stored after surface prepa; 
tion in a clean atmosphere, it may be held for mu 
longer periods before welding than if no such precautio; 
are taken. An additional fact definitely established 
holding time measurements is that if specimens ar 
well cleaned initially the contact resistance increas: 
much more rapidly with time than if they are cleaned ; 
minimum resistance. The holding curves in Fig 
for 0.020- and 0.032-in. 24-ST cleaned initially to 60 


ty 


Vv) 

= 300 

| | | 

2 m0} | | | | | 40) x? 

= 210 » L | 

J + + A + 

| —i0 20 

| 

all 

T 

OO T + + 

0 4 8 {2 16 20 24 28 32 % 4 44 48 5: 


HOLDING TIME IN HOURS 


Fig. 10—Factory Holding Curves for 24-ST Alloys 


80 microhms, respectively, illustrate this effect of hig 
initial contact resistance. This in itself is a very str 
argument for cleaning to a minimum contact resista: 
in production work. 

Unless assemblies may be stored in an uncontaminat 
atmosphere, which is not often convenient in producti 
it is sometimes necessary to reclean the assembly perhaps 
more than once before the spot welding may be coi 
pleted. Although the danger of cleaning solution beu 
trapped in crevices of a nearly completed assembly a! 
causing corrosion is recognized, this expedient mus! 
necessarily be resorted to when the contact resista’ 
has become too high for satisfactory welding, du 
continued exposure to factory atmosphere. Cols 
quently, it was thought worth while to investigate 
behavior of the contact resistance obtained upon 
cessive recleanings. 

A group of 20 test specimens were initially cleaned ' 
minimum resistance and an average value for contac! 
resistance determined after exposure to a factory atn 
phere for 1 hr. The average contact resistance Ws 
again determined after 48 hr. The set of specimeiis \ 
then recleaned a second and third time, repeating | 
above test procedure after each cleaning. The cl 
time for minimum contact resistance was observed | 
to change with successive recleanings. The dat 
tained as a result of these experiments may b« 
marized as shown in Table 1. 
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Table l 
Contact Resistance, 
Microhmis 
Gauge, In. Cleaning After 1 Hr. After 48 Hr. 
61-SW 0.025 1 20.9 202.5 
61-SW 0.025 2 28.8 180.6 
61-SW 0.025 3 34.4 174.4 
Sw 0.032 l 26.5 226.9 
cw 0.032 2 39.2 232.5 
61S 0.032 3 39.5 213.7 
61-SW 0.040 1 25.1 197.5 
61-SW 0.040 2 30.0 53.0 
61-SW 0.040 3 32.9 51. 
61-SW 0.040 4 40.0 76.9 
24-S1 0.020 1 18.4 230.0 
94-ST 0.020 2 29.0 207.5 
24-ST 0.020 3 31.8 194.4 
94-S] 0.025 l 27.4 195.6 
24-ST 0.025 2 45.3 151.9 
4-S] 0.032 1 29.2 168.1 
24-ST 0.032 2 40.3 166.2 
24-S1 0.032 3 35.7 162.2 
24-ST 0.040 23.0 428.8 
24-S1 0.040 2 28.4 369.3 
24-S1 0.040 3 26.7 315.6 
94-S] 0.064 1 22.6 121.9 
24-ST 0.064 2 25.3 116.2 
ST 0.064 29.2 112.2 


This tabulation of data shows that although successive 
recleanings lose somewhat in effectiveness in nearly all 
cases, yet material that has been recleaned has superior 
holding ability. Since it is impossible to keep factory 
atmospheric conditions constant, it 1s reasonable to ex- 
pect the few inconsistencies that are observed above in 
the measured contact resistances after 48 hr. 


V. Tank Life and Need for Care in Cleaning 
Operation 


The production tank in which all the developmental 
work reported in this paper was done has a capacity of 
about 500 gal., is made of wood and is steam heated with 
a Karbate or pressed carbon coil. It is recognized that 
the total surface of aluminum cleaned per day in the tank 
is an important variable in determining solution life, but 
it is difficult to get an accurate estimate of this factor in 
production cleaning. Regular pH and concentration 
measurements are taken from the tank, as a result of 
which additions are made on a fixed schedule to main- 
tain the pH and concentration within prescribed limits. 
Although, initially, improper cleaning from a tank may 
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possibly be remedied by adjusting the pH and concen- 
tration, after a certain point in the tank life the cleaning 
action deteriorates even though these factors are main- 
tained at the proper level. This deterioration of the 
cleaning is always reflected in the quality of the produc- 
tion welding; particularly there is a preponderance of 
spits, cracks and poor weld symmetry. Experience over 
many months of production work has shown that such 
an appearance of poor weld quality may be correlated 
with an inability of the cleaning solution to produce low 
contact resistances for test specimens. Accordingly, a 
daily contact resistance determination on ten pairs of 
specimens cleaned by laboratory personnel has been 
established as the best routine production control of the 
preweld cleaning operation. With test specimens of 
0.032-in. alloy as used in our daily checks and an elec- 
trode force of 450 lb., the most satisfactory operating 
range of contact resistance for the cleaning solution 
used has been found to be from 20 to 100 microhms., 
When the daily contact resistance determination for a 
tank is in excess of 100 microhms it is recommended that 
the solution be completely renewed. Although the con- 
tact resistances that would be encountered in actual 
assemblies are no doubt somewhat higher than those ob- 
tained for test specimens, the ratio of the difference 
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Fig. 12—Comparison of Factory and Laboratory Cleaning 


Curves for 61-SW Alloy 


must remain essentially constant overall because produc- 
tion experience has shown that when the daily resistance 
checks exceed 100 microhms by any considerable amount 
poor welding appears in the assemblies. 

Typical daily contact resistance determinations for 
test specimens cleaned at the optimum time in the 
production cleaning solution are shown plotted vs. tank 
age in days in Fig. 11. Similar plots have established 
that for a 500-gal. tank the average life is from 14 to 2] 
days. It might be argued that since deterioration 1s to 
be expected in from 2 to 3 weeks, contact resistance 
measurements could be eliminated after this fact has 
been established for a given tank. Such an argument 
might be valid in case no accidents altered the cleaning 
solution and the volume of work handled by the tank 
were constant. Not only is the above case quite unlikely 
in production, but in addition daily contact resistance 
measurements have been found of invaluable aid in iso- 
lating poor weld quality, whichis due to improper 
cleaning brought about by (1) careless cleaning pro- 
cedure, (2) incorrect solution concentration or (3) 
contamination of the solution by foreign material. 
The occurrence of these difficulties in production work ts 


Fig. 11—Cleaning Solution Life for 61-SW and 24-ST Alclad at one time or another almost inevitable. 
Alloys Examination of Fig. 11 shows that for the first few 
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days the average comtact resistance from a tank is 
relatively high. In corroboration of this fact, it has 
been shown that considerable aluminum alloy must be 
cleaned in a fresh beaker of laboratory solution before it 
performs efficiently. The implication is that the solu- 
tion must be somehow conditioned; presumably after 
a certain amount of aluminum goes into solution the 
etching action is catalyzed. On the other hand, the 
contact resistance values eventually return to high level 
The reason for this is not clearly understood, but again 
it may be presumed to be due to the build-up in con- 
centration of some contaminant. During this latter 
stage, although the pH and concentration are main- 
tained within prescribed limits, the cleaning action is 
not satisfactory as is indicated by weld quality. 

Another interesting fact regarding the cleaning solu- 
tion under discussion in this paper is that for the same 
gage the contact resistance determinations for 61-SW are 
lower than for 24-ST. Furthermore, tank life is con- 
siderably greater in the case of 61-SW. This behavior 
is not understood but is quite reasonable in view of the 
fact that 61-SW has been observed to be a less critical 
alloy to weld than 24-ST. Unfortunately when cleaning 
both 24-ST and 61-SW in the same tank, it is necessary 
to renew the solution while it still performs satisfactorily 
for the 61-SW material. 
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Fig. 13—Effect of Care in Cleaning Procedure on Consistency 
of Contact Resistance Values for 61-SW Alloy 


Regular contact resistance measurements serve not 
only as a production control on the efficiency of the 
cleaning solutions but also as a control on the care with 
which the prescribed cleaning procedure is followed by 
the operators. To illustrate this fact a series of cleaning 
experiments was carried out, the data from which are 
summarized in Figs. 12 to 15. Curves C in Figs. 12 
and 14 were determined from beaker solutions in the 
laboratory and are in each case observed to represent 
a lower level of contact resistance. In view of the 
accidental variations inevitable in production work this 
difference in resistance level is to be anticipated. The 
more revealing comparison is to be made between 
Curves A and B in each instance. The former cleaning 
curves were obtained in the regular way from the produc- 
tion tank by laboratory personnel, whereas the latter 
were determined from test specimens cleaned by the 
production operators. The differences in the average 
resistances of Curves A and B in Figs. 12 anal 14 are not 
particularly significant for the case of the ‘less critical 
61-SW alloy, but are markedly so for 24-ST. An alter- 
nate mode of presenting the data is to plot the standard 
deviation of the individual contact resistances vs. the 
cleaning time in minutes as has been done in Figs. 13 
and 15. The standard deviation is an index from the 
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Fig. 14—Comparison of Factory and Laboratory Cleaning 
Curves for 24-ST Alclad Alloy 


theory of statistics of the consistency among a set of 
data that is averaged to determine a point on a cury 
The less consistent the cleaning and the resultant resis; 
ance values, of course, the less uniform are the welds 
obtained. From Curves A the consistency is seen | 
be very nearly uniform for the specimens cleaned }) 
laboratory personnel. Although again the 61-SW all 
is more consistent than the 24-ST, there is excessiy: 
divergence between Curves A and B in the case of bot! 
alloys, indicating the need for care in procedure on th: 
part of the production operators. Consequently, « 
tact resistance measurements of spot-weld test specimens 
cleaned by production operators may be a valuabk 
indication of and control on the quality of their work as 
well as on the condition of the solution. 


VI. Limitations of Contact Resistance Measurements 


Although contact resistance measurements have bee! 
shown to be of value as a production control on preweld 
cleaning solutions, as a check on the quality of th 
production cleaning operator's procedure and as a 
indication of poor welds and shortened tip life when t! 
resistance values are in excess of a level chosen from pr 
duction experience, one must proceed with care in making 
definite inferences from the data since erratic behavior 
of the values may be encountered in certain instances 
As has been mentioned previously the measurement 
contact resistance is at best a statistical problem due | 
the considerable variation in the alloy surfaces, the da! 
ger of contamination after cleaning and the likelihood 
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Fig. 15—Effect of Care in Cleaning Procedure on Consistency 
of Contact Resistance Values for 24-ST Alclad Alloy 
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Correlation of the Strength and Struc- 
ture of Spot Welds in Aluminum Alloys 


By F. Keller’ and D. W. Smith’ 


HE use of spot welding for assembly of aluminum 

alloy structures would undoubtedly be extended 

by the development of some suitable method for 
checking the quality and strength of spot-welded joints. 
Such method, however, must be of a nondestructive 
type. This requirement, of course, eliminates many of 
the inspection methods now available. On the other 
hand, any method for evaluating spot welds that does 
not involve a determination of strength in some manner 
can be expected to give only an approximation of the 
actual weld strength. 

rhe strength of a spot weld depends primarily on the 
geometry of the weld nugget and on the metallurgical 
characteristics of the alloy. The size, shape and pene- 
tration of the weld nugget are dependent on the condi- 
tion of the sheet surfaces, the heating from the welding 
current, the amount of pressure applied during welding 
and the contour of the welding electrodes. The metal- 
lurgical characteristics of the alloy in the weld nugget are 
influenced chiefly by the amount of welding heat and rate 
of solidification and cooling. 

Since the geometry of a weld nugget probably has 
considerably greater influence on the strength of a spot 
weld than the metallurgical characteristics of a given 
alloy, it would appear likely that some suitable means of 
determining the geometry of the nugget would be of 
considerable help in checking the quality and strength 
of a spot weld. j 
_ Several nondestructive testing methods are now being 
investigated. These involve determinations of the weld 
shape by surface contour measurements, of point hard- 
ness across the weld surface, of the potential drop across 
the weld when a current is passed through and of the 
characteristics of radiographic images of the weld. Of 
the methods that are under consideration, the radio- 
graphic method appears at present most applicable for 
determining the soundness, size, shape and other char- 
acteristics of the weld nugget and for estimating the 
shear strength of the joint with a fair amount of certainty. 

The relationship of size of the weld nugget to the 
strength of the weld has been demonstrated by Hess, 
Wyant and Averbach' by means of measurements of 
weld nugget parameters on etched cross sections of spot- 
welded joints of Alclad 24S-T sheet. The method of 
making these measurements is shown by Fig. 1. These 
investigators showed that the shear strength of a spot 
weld could be estimated from the measured diameter of 
the nugget by the following equation: 


S = 17,500d? 

‘S = shear strength in pounds 

d diameter of cast nugget measured between pro- 
jections of alclad coating at interface on 
polished and etched cross sections 


Il 


II 


roast Teeented at the Annual Meeting, A.W.S., Chicago, Ill., Oct. 18 to 21, 


} Aluminum Research Laboratories, New Kensington, Pa. 


Fig. 1—Cross Section of Spot Weld Between 0.080-In. Alclad 

24S-T Sheets. The Dimension of the Weld Nugget at the 

Interface That Is Used for Estimating the Weld Strength Is 
Indicated. Mag. 20 x; Keller’s Etch 


With this method, the value of the constant (17,500) 
includes any strength imparted by bonding in the corona 
area as well as that contributed by the weld nugget. 
Thus, a value of 17,500 tends to give high values for 
welds that have little or no bonding outside of the weld 
nugget. For the spot welds that have been checked by 
the radiographic method, a value of 16,000 has been 
found to give a closer estimation of the shear strength. 

Recent work by R. C. McMaster and his associates at 
California Institute of Technology has indicated rather 
definitely that bonding of the corona area at the interface 
will contribute very substantially to the strength of the 
weld. No suitable method is available at present for 
determining the extent of this bonding. Corona bonding, 
however, can be expected to develop a shear strength of 
about 6500 psi. in Alclad 24S-T sheet and the area that 
is bonded may be several times the area of the weld 
nugget. This factor is often responsible for differences 
between the computed and actual strength of a spot weld. 
The conditions required for consistent bonding in the 
corona region are not known definitely. This, however, is 
considered a factor worthy of further investigation. 

The possible effect of corona bonding on the strength 
of a spot weld can be demonstrated by calculations from 
the measurements of parameters on a spot-welded sample 
of 0.040-in. Alclad 24S-T sheet. In this weld, the nugget 
diameter was found to be 0.180 in. and the annular 
corona ring had a diameter of 0.312 in. This would give 
an area of 0.0254 sq. in. for the cast weld nugget and an 
area of 0.0511 sq. in. for the corona ring. On the as- 
sumption that none of the corona area in this weld is 
bonded and that the nugget has a shear strength of 
21,000 psi., the strength of the weld nugget would be 
21,000 * 0.0254 or 534 Ib. On the other hand, if all of 
the corona area is assumed to be bonded and the bond 
develops a shear strength of 6500 psi., the shear strength 
of the weld will be the result of the following combination : 
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Fig. 2—Shows Enlarged Radiograph (10 <) and Macro- 

structure of a Polished and Etched Cross Section (10 x) of a 

Spot Weld in 0.040-In. Alclad 24S-T Sheet. Relationship of 

Features in Radiograph to Corona and Weld Nugget Diameter 
Is Apparent 


21,000 X area of nugget + 6500 X area of corona 
= 21,000 * 0.254 + 6500 X 0.0511 = 866 lb. 


Thus 38% of the strength of the weld would result from 
the corona bonding and the weld would be 62% stronger 
than one with the same size of nugget but without any 
bonding in the corona ring. Increases of 100% in weld 
strength have been obtained from corona bonding. 

Since much useful information on spot welds can be 
obtained from the geometry of the weld nugget as deter- 
mined from the examination of shear specimens or of 
polished and etched cross sections of spot welds, it would 
seem that measurements of weld geometry by some non- 
destructive method would provide a valuable inspection 
method. The authors* have demonstrated that there is a 
definite relationship between the features of the radio- 
graphic image of a spot weld and the geometry of the 
weld. This relationship is illustrated by Fig. 2. 

Radiographic methods have been used for some little 
time for the inspection of spot welds for cracks, porosity 
and expulsion but have not been utilized very much for 
estimating the shear strength. It has been found, how- 
ever, that with some mcdifications in radiographic tech- 
nique, it is possible to obtain radiographs with sufficient 
contrast and detail to permit satisfactory measurements 
of weld geometry for some aluminum alloys. 

The technique employed for making radiographs which 
can be used for estimating shear strength is somewhat 
different from that ordinarily used for the radiography 
of spot welds. First, an X-ray unit with low inherent 
filtration characteristics is required. This will shorten 
the exposure needed to produce satisfactory radiographs 
with the low kilovoltages that are required for the genera- 
tion of X-rays of the most effective wave lengths for the 
production of good contrast and definition. A second 
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requirement is the use of film with a very fine 
size which will permit suitable enlargement. Sinc: 
often desirable to enlarge the radiographs from 5 to 
times for convenience in measuring the radiogra, 
image, the image should be sharp enough to allow <s 
enlargement without too much loss in quality. 

The appearance of typical radiographs of spot welds ; 
0.040-in. Alclad 248-T sheet is illustrated by Fig. 2 
These were made by the low-voltage fine-grain film 
technique suggested by the authors.’ One radiograph 
shows the characteristic features of a spot weld made 
with a.-c. equipment; the other, the features of a spot 
weld made by the energy storage equipment. On these 
radiographs, the features that are related to the weld 
geometry are evident. 

Measurements of the rings and zones corresponding to 
the nugget and corona diameters agree reasonably well 
with the values obtained by measurements on sheared 
specimens and on etched cross sections. Thus, these 
values can be employed for estimating the shear strength 
of the weld by the formula S = 16,000d?. 

In normal spot welds in Alclad 24S-T sheet, it has been 
observed that a definite ratio exists between the outer 
diameter of the corona ring and that of the weld nugget 
In most instances the corona ring will be from 1.4 to 1.4 
times the nugget diameter with a mean value of abo. 
1.5. This range may vary somewhat with different prac. 
tices and types of welding equipment. A rough approxi 
mation of the strength of the spot weld can be obtained 
by measuring the corona diameter and using the results 
in the following equation: 


16,000 


hic 
such 


i ) = shear strength in pounds 
5 


dc = outside diameter of corona ring o1 
radiograph in inches 


Evaluation of the weld strength should be made by 
this means only if the diameter of the weld nugget cannot 
be measured readily. At any rate, it is advisable to 
determine the ratio of the corona diameter to the nugget 
diameter since changes in this ratio will indicate variations 
in welding conditions. 

To estimate the strength of a spot weld by the radio 
graphic method, measurement of the various features 0! 
the radiographic image alone is not sufficient. The qual 
ity of a weld is judged first, by the definition and contrast 
in the radiographic image. These features will vary with 
the size of the nugget and the degree of penetration into 
the sheet. By comparison with standards, it is possibl 
to judge weld quality fairly well. Changes in appearance 
of the radiographic image will indicate variations in th 
strength of the weld. Generally, welds with low pen 
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Shows Enlarged Radiographic Images (5 ) of Spot 
Welds Made in 0.040-In. Alclad 24S-T Sheet with A.-C. anc 
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Fig. 3 


Storage Energy Equipment, Respectively. These Are Typice! 
of the Radiographs Used for the Evaluation of the Welds Listec 
in Tables 1 and 2 
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tration will give radiographic images with poor definition 
and contrast. On these, the radiographic features as- 
sociated with weld geometry will be too indistinct to 
measure or will not be evident. 

[he manner in which the radiographic image of a spot 
weld will vary with weld geometry is illustrated by Figs. 
4 (a) to (c), inclusive, which show radiographs of three 
spot welds in 0.040-in. Alclad 24S-T sheet. Included 
also for comparison are photographs of broken shear 
test specimens and etched cross sections from these test 
specimens. These three welds were made on energy 
storage type of equipment and all welding conditions 
were kept constant except the tip pressure. 

It is evident that the character of the radiographic 
image changes with variations in the size of the weld nug- 
get and the amount of penetration. The welds shown in 
Figs. 4 (b) and (c) developed low shear strengths because 
of the large ring of unfused coating that projected into 
the weld nugget at the interface. This caused a reduction 
in the effective area of the weld nugget along the shear 
plane. Such projection of the alclad coating into the 
weld nugget can, in some instances, be detected from the 
character of the ring in the radiograph that denotes the 
size of the weld nugget. If the unfused coating is not 


reduced in thickness by partial melting, it will be evident 
by a broadening of the radiographicring. This factor may 
have an appreciable effect on the accuracy with which the 
effective nugget diameter can be determined. Usually 
welds with this condition will not produce good images 
on the radiograph since they ordinarily have low 
penetration. 

To demonstrate the results that can be obtained with 
the radiographic method in estimating the approximate 
shear strength of spot welds in Alclad 245-T sheet, two 
groups of 25 consecutive spot welds were made in panels of 
0.040-in. Alclad 24S-T sheet. One group was made 
with a.-c. equipment; the other was made with energy 
storage type of equipment. The welds in both groups 
were radiographed by means of the low-voltage fine- 
grain film technique mentioned previously. The quality 
and strength of each of the 50 welds were estimated from 
the radiographs. For checking the estimated results, 
actual shear tests were made on each of the welds. 

The results of the measurements, computations and 
actual shear tests for these two groups of welded samples 
are summarized in part in Tables 1 and 2. In these 
tables, the data for the first ten welds only in each group 
are given. The results on the remainder of the welds were 


(a) (b) (c 
< 
— 
; 
‘ 


Enlarged Radiographs (10 x) 


f Three Spot Welds in 0.040-In.Alclad 24S-T Sheet 


Shows Photographs of Broken Shear Specimen 


s of the Same Spot Welds. Enlarged 10 


Shows Polished and Etched Cross Section of Portion of Broken Shear Specimens of the Same Welds. Mag. 10 
Fig. 4 (a-c)Shows How Radiographic Images of Spot Welds in Alclad 24S-T Sheet Will Vary with Size, Shape 


and Penetration 
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Estimated Value o 

Nugget Corona Ratio, Estimated Shear, Lb. Actual Diam. of Weld Constant fro, 

Diam. from Diam. from Corona Diam. Shear, Lb. S = 16,000 Strength, Nugget from Actual Sh oe 

No. Radiograph Radiograph Nugget Diam. S=16,000d? (dc/1.5)? Lb. Shear Specimen Deto 
l 0.180 0.312 1.72 0.0324 518 690 555 0.189 15,560 
2 0.200 0.305 1.52 0.0400 640 665 640 0.188 18,130 
3 0.200 0.302 1.51 0.0400 640 648 740 0.194 19,680 
4 0.200 0.302 1.51 0.0400 640 648 565 0.190 15,650 
5 0.200 0.295 1.48 0.0400 640 620 610 0.195 16,080 
6 0.200 0.300 1.50 0.0400 640 640 545 0.205 12,98 
7 0.200 0.300 1.50 0.0400 640 640 505 0.192 13,690 
~ 0. 202 0.300 1.48 0.0408 652 640 615 0.189 17,230 
9 0.200 0.300 1.50 0.0400 640 640 585 0.200 14,620) 

10 0.195 0.298 1.52 0. 0380 607 630 555 0.190 15,390 
Average for 25 consecutive welds in this series... 580 15,699 


of the same general character as those shown in the tables. 

Inspection of these results will show that the weld nug- 
get diameter obtained from the radiograph is, in most 
instances, about the same as that obtained by measuring 


the sheared area on shear test specimens. Thus, these 
measurements would appear to be satisfactory for esti- 
mating the shear strength of a spot weld except in in- 
stances where appreciable areas of the alclad coating 
remain unfused along the interface and are not evident 
on the radiograph. 

In most instances, the estimated shear strength com- 
puted from the parameters obtained from the radio- 


present as a means for routine inspection. There is, how 
ever, every reason to believe that further improvements 
in radiographic methods and in interpretation of the 
radiographs are possible. This method of inspection, 
therefore, appears of sufficient merit to warrant further 
work to make radiographic examination more accurate 
and useful for the evaluation of spot welds. 
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Estimated Value of 
Nugget Corona Ratio, Estimated Shear, Lb. Actual Diam. of Weld Constant from 
Diam. from Diam. from Corona Diam./ Shear, Lb. S = 16,000 Shear, Nugget from Actual Shear 
No. Radiograph Radiograph Nugget Diam. d= S=16,000d? (dc/1.5)? Lb. Shear Specimen Data 
1 0.190 0.292 1.54 0.0361 77 606 640 0.198 16,320 
2 0.195 0.292 1.50 0.0380 607 607 630 0.192 17,070 
oe 0.190 0.295 1.51 0.0361 577 620 560 0.195 14,730 
0.190 0.290 1.52 0.0361 577 600 560 0.191 15,330 
5 0.195 0.291 1.49 0.0380 607 602 370 0.192 10,020* 
6 0.200 0.294 1.47 0.0400 640 615 610 0.196 15,880 
7 0.194 0.298 1.53 0.0376 600 629 655 0.192 17,250 
8 0.195 0.290 1.49 0.0380 607 600 585 0.193 15,720 
9 0.190 0.290 1.53 0.0361 577 600 545 0.180 16,820 
10 0.192 0.290 1.51 0.0369 590 600 600 0.195 15,800 


* The character of the radiographic image indicated this weld was defective. 


graphs was considered reasonably close to the actual 
shear strength of the welds. A good estimate of the shear 
strength was obtained on the basis of measurements of 


either the nugget or the corona diameter. In the latter 
case, however, the ratio between the corona and nugget 
diameter appears of importance. 

From the limited work that has been done with the 
radiographic method, it is considered that this method 
can be of assistance in the development and checking of 
spot-welding practices. It is doubtful, however, as to 
whether the radiographic method would be practical at 


Hobbs, Jr., D. W. Pettigrew, Jr., and C. W. Cline for 
their assistance on this project. 
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and nickel 0.15-0.42% were tested. The nickel did not 
improve the mechanical properties. In the fine-grained 
state the steel can still be considered as a good high- 
strength weldable steel, but in the coarse-grained state 
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it has a strong tendency to increase in hardness and to 


form cracks on welding. 
and Steel Inst. 1943, p. 218A.) 
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\N GENERAL, there has been very 

little published information on fatigue 

testing of welded aircraft steel 
tubular structures; although, there are 
many known results on the fatigue testing 
of simple butt welds, etc. Approximately 
two years ago, some research was done 
m the welding of aircraft steel tubing and, 
as part of the program, considerable time 
was spent in obtaining a fatigue specimen 
which would approximate the type of 
joint found in aircraft construction and 
yet be of such geometry that it would lend 
itself to fatigue testing so that the results 
could be evaluated. Finally, a triangular 
structure was decided upon. 

Because of the nature of the tube tri- 
angle, shown in Fig. 1, the successful 
welding of this closed structure is itself a 
measure of the weldability of the steel. 
One will note from Fig. 1, that the triangle 
is actually a double triangle wherein one 
equilateral triangle is welded within a 
larger equilateral triangle at the mid 
points of the sides. It is obvious that there 
is considerable restraint resulting from 
welding. Even with the proper sequence 
f welding to close the triangle, there is 
developed a large amount of residual 
stress. Although the original triangular 
design used gusset plates, at the mid joint 
in the base of the larger triangle, the tri- 
angles used in this investigation did not 
incorporate these gussets since it was felt 
their presence could have no influence on 
testing. As part of the test, the triangle 
was examined for welding cracks which, in 
turn, Was a measure of the steel weldabil- 
ity. The initial suggestion for the welding 
and testing of this triangle was proposed 
by Mr. M. J. Fleischmann, Timken Roller 
Bearing Company, and the initial welding 
was developed by Mr. Louis Barrett, the 
Glenn L. Martin Company. 

The early work on the fatigue testing of 


* Presented at the Annual Meeting, A. W. S., 
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pany 


Fig. 1—Triangle Used in Fatigue Studies 


Fatigue Studies of Weld Test Triangular 
Structures with NE 8630 Steel Tubing 


By A. J. Williamson’ 


Fig. 2—Fatigue Ma- 

chine Used in Testing 

Triangular Structures, 

Showing Specimen in 
Place 


these triangles showed that the results 
were somewhat indeterminate and the 
fatigue life amazingly low. This led to 
the belief that some further work should 
be done on additional fatigue testing of 
these triangular structures. It was de- 
cided that NE 8630 steel should be in- 


vestigated since it is the alternate steel for 
4130 and one which is currently used. 
Heretofore, all triangular structures wer 

tested in the as-welded condition. It was 
the thought of the author that certain 
heat treatments should be induced upon 
these triangles and some attempt made to 
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correlate this heat treatment with fatigue 
results. It was always felt that struc- 
tures left in the as-welded condition might 
have low fatigue properties. 

On this basis, it was decided that fatigue 
studies would be made upon four triangles 
in the as-arc-welded condition; four tri- 
angles in the as-arc-welded and tempered 
condition; and four triangles which were 
normalized after arc welding. These tri- 
angles were arc welded by Mr. Louis 
Barrett, Glenn L. Martin Company, using 
low carbon welding rod, Planeweld No. 2. 
The tubing was furnished by the Sum- 
merill Tubing Company and was 1 in. 
O.D. X 0.049 in. wall supplied in condi- 
tion N according to specification AN-T-15. 


All subsequent heat treatment after weld- 
ing was done in the furnaces of Summerill 
Tubing Company. It was felt that by 
having four triangles for each condition 
that a fair S-N curve could be obtained. 
The actual fatigue testing was done 
through the courtesy of Mr. T. V. Buck- 
walter, at the Timken Roller Bearing Com- 
pany. A photograph of the machine used 
for this work is depicted in Fig. 2 showing 
the test triangle in place. 

The various details of the triangle and 
the location of the SR-4 strain gages are 
shown in Fig. 3. In each case apex A is 
the point which was subjected to the maxi- 
mum deflection. The strain gages located 
at B,; and Bz show the measured bending 


preheat or postheat. 
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and Bp were averaged and are show 
the Table of Fig. 3 as Buy. 
instances, the material did not 
at the initial loading and the specim 
was reloaded and taken to failure 
much the initial loading affected +) 
sults on these particular specimens j 
known and can only be conjectured 
Figure 4 shows the S-N curves dev; 
for the three sets of test specimens 
does not appear to be any great difference 
in the S-N curves for the three differen; 
treatments, however, the curve represent 
ing the triangles which were ten 
after welding shows the highest average 
There was no point for ¢ 


fatigue life. 


computing the 


Fig. 3—Results of Fatigue Test on Welded Tube Triangles 


Triangles are made from 1 inch X 0.049 inch NE8630 tubing arc 
welded with planeweld no. 2 low carbon welding rod using no 
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FATIGUE LIFE NO.OF 
PEC. 
OF TEST, 
By STRONESMLL LOCATION OF CRACKS MILLIONS 


TEMPERED AT 950°F AFTER WELDING 


9 = 057" 10,750 12,300 11,025 5,06 No Failure 
Weld junction at points 2 & 
2 ,065" 12,300 12,450 12,375 2447 5 on top 7.53 
Weld junction at point 2 — 
13,175 1.35 on top 1.35_ 


12,500 5.26 No Failure 
Weld junction at point 5 on 
' = 2064 13,300 12,900 13,100 3.52 tep point 7 8,78 
Weld junction at point 2 - 
12 063 12,300 12,600 | 12,450 1.38 on top 1,38 
AS WELDED 


Weld junction at point 6 - 
2 = 0585" 12,600 12,750 12,675 1.79 topsacross tube between 4&5 1.79 
= .105"(2nd Test)23,500 22,000 22,750 0.279 Weld junction at point 3-on 5.659 
3 = ,050"(1st Test)l1,100 10,700 10,900 5.38 No Feilure 5.38 


2055" 


11,750 11,350 11,550 6,1) No Failure 
20585" 12,030 12, 300 12,165 12.48 No Failure 


13,000 _| 13,300 13,150 15.99 
.055" 11,200 11,200 | 12,200 | _7.703 
NORMALIZED AT 1700°F AFTER WELDING 


Broke at clamp point 8 | 34 


+ Weld junction at points 2 & 
8 = .056" 12,125 12,800 | 12,460 _1,117 6 on bottom | 
Weld t 

1,800 | 12,200 | 1,950 1.587 5°on top 5 on bottom 14587 | 
Weld junction at point 2 on 

7 2,050" 11,000 12,400 11,200 3.645 top 3.645 | 
Weld junction at point 1 on 

5 2,105" 23,000 22,750 22,875 0.191 top 0.191 
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TRIANGLE 
1 


Fig. 5—Note Fractures on As-Welded Specimens 


Full Details in Regard to These Specimens Are Given in Fig. 3 
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tempered after welding specimens at a 
high stress, hence this portion of the curve 
was interpolated, and is shown by the 
broken line 

Figure 5 is a photograph showing the 
type of failure occurring in each of the as- 
welded triangles. Figure 6 is also a 
photograph showing the failures on the 
normalized specimens. Figure 7 shows 
the fractures on the tempered after weld- 
ing specimens. On all specimens under 
all conditions, the fractures are typical; 
that is, the fracture occurs at the junction 
of the bead and parent metal. Figure 8 
depicts a typical fracture, showing its 
nature on the inside of the tube in the as- 
welded specimen. One will note the asso- 
ciated blister or crater. A similar condi- 
tion is shown in Fig. 9 for the normalized 
tube. Having seen these evidences of 
burning through, suspicion led us to in- 
vestigate further the possible significance 
of this type of defect in correlation with the 
failures. Each failure was then investi- 
gated by cutting the joint open to see 
whether there was any connection between 
failure and these welding defects. In most 
cases, but not in all cases, was the failure 
associated with these defects. Because of 
the manner in which failure took place, 
it is difficult to decide whether the nucleus 
of the crack and these welding defects or 
craters are coincident. 

Figure 10 shows a failure in one of the 
welded and tempered specimens 

Figure 11 shows a hardness survey 
across one of the as-welded specimens 
The peak hardness is rather low, but not 
unusual for NE 8630 steel. 

Figures 12, 13 and 14 are photomicro- 
graphs showing the sections through the 
failure and in all cases this failure took 
place in the so-called heat-affected zone, 
even on the normalized specimens. 

When cutting specimens from the as 
welded triangles considerable binding 
on the hack saw occurred indicating much 
residual stress. Referring to the S-N 
curves, it is noted that the points for the 
as-welded specimens gave the most erratic 
results. Perhaps the higher residual stress 
contributed to this condition. 

The generally lower fatigue values for 
the normalized condition may be explained 
by the lower proportional limit in this 
type of structure without tempering. Low 
proportional or elastic limits mean plastic 
deformation at lower stress. Plastic de- 
formation is associated with internal stress, 
thereby detracting from the fatigue life. 


Possibly the generally better conditions 
for the tempered after welded specimens 
may be caused by the elimination of re- 
sidual stress together with high propor- 
tional limit. 


It is clearly evident that all fatigue fail- 
ures took place at the junction of the bead 
and the tube: i.e., in the heat-affected 
zone; even in the triangles where the 
microstructure in this zone was made 
similar to the tube by normalizing. Ob- 
viously the rapid change in section where 
the bead and tube meet, resulting in a 
“notch effect,’’ appears to be the most 
important consideration in this investiga- 
tion. This was found to be the case in 
other investigations of fatigue on simple 
aircraft joints. 
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Conclusions 


1. Sufficient points in fatigue testing 
were established and indicated little dif- 
ference in the fatigue value for as-welded, 
tempered after welding, and normalized 


Fig. 6—Note Fracture on Welded, Then Normalized Specimens 


after welding test triangles. The highest 
fatigue value (where the curve becomes 
horizontal) is 12,500 psi. for the tempered 
after welding specimens. 

2. There was indicated some correla- 
tion between welding defects such as 


blisters, burning through, craters 
and fractures, although this was 
means conclusive. 


no 
3. Failure could not be attributed 


directly to the high hardness in the heat 
affected zone. 


Fig. 7—Note Fractures on Welded, Then Tempered Specimens 
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Fig. 8—Note Fracture and Craters on Inside Wall. As-Welded 


Fig. 9—Note Fracture and Crater on Inside Wall Normalized 
Specimen No. 3 After Welding. Specimen No. 5 


nN 
\ C 


Readings Across Welded Area. Specimen Tempered after 
Welding 


4. Failure invariably occurred at the- the dominating influence in this investiga- 
junction of the weld bead and tube wall; tion. 
or at the point of highest stress concentra- 6. It would appear that the question of 
tion, 


joint assembly or design plays the most 


5. Obviously there is no correlation be- important part in the fatigue life of struc- 


tween fatigue life and tensile strength— tures such as were tested in this investiga- 
but factors of ‘‘notch effect” appear to be tion. 
1944 
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Fig. 10—Note Fracture at Bead Junction, Also Note Hardness Fig. 11—Hardness Survey Across Welded Area in As-Welded 


Specimen No. 3 


Fig. 12—Photomicrograph Showing Area of Crack in As-Welded Specimen. Weld at Left. 50 


7. Fatigue values are very low indicat- 
ing that a question can be raised—-why use 
a steel with such high tensile strength—if 
fatigue is the only factor? 


Future Work 


Another investigation is under way us- 
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Fig. 13—-Photomicrograph Showing Crack Area in Tempered After Welding Specimen. Weld Bead at 
Left. 50x 


Fig. 14—Photomicrograph Showing Crack Area in Normalized After Welding Specimen. Weld Bead to 
Left. 50x 


ing cold drawn, stress-relieved low carbon are already under test. Asa result of this studies of aircraft joints, the mor 
tubing welded with three different sets of new work, we should be better able to vinced one becomes in believing that join! 
electrodes; low carbon, alloy steel, and select the next course or procedure. The design is the dominant factor. 

stainless steel electrodes. These triangles more consideration one gives to fatigue 


(Foreign Literature continued from page 26-s) lap-welded specimens and the relation between strength 
THE PRODUCTION OF SINGLE-SPOT WELDS IN MiLD_ weld diameter and mode of failure was examined. [li 

STEEL PLATES OF '/s, '/, AND */s In. THickNess. III. effect of varying welding and upset pressure and «well 

Trans. Inst. of Weld., vol. 6, 1943, Jan., pp. 8-23. times was investigated. The authors have drawn uy 

This paper contains a very comprehensive study of table giving the optimum welding conditions of current 
the production of spot welds in a “balanced” steel of ume and tip diameter, and the corresponding shear 
0.14-0.18% carbon, which should be of great value in Strengths obtained. It was observed that interrupt: 
deciding optimum conditions in production welding of Current welding was in this case of no value in obtain: 
similar material. The effects on weld performance of better welds, and that this technique required highe 
indentation, splashing and porosity and the conditions currents and greater energy consumption per wel’ 
for their limitations were determined. Measurements Metallographic and radiographic examinations of ti 
were made of the shear strengths of single spot, single (Continued on page 49-s) 
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Weldability Tests of Silicon- 
Manganese Steels 


By Clarence E. Jackson,! George G. Luther,' and Kenneth E. Fritz! 


NLY a few isolated cases describing the effect 

of silicon on weldability are found in the litera- 

ture. A number of authorities’? have con- 
demned silicon steels for welding; others* * have re- 
ported no difficulty. Spraragen and Claussen in their 
review of the literature on welding silicon steels® state 
that “there is obvious paucity of mechanical test results 
on welded silicon steels. Studies could profitably be 
made of the effect of silicon content on welding the new 
low-alloy high-strength steels as well as other alloy 
structural steels. The effect of silicon in plain carbon 
steels would form the basis of these more complicated 
studies.” 

There has developed over the past decade a variety of 
low-alloy high-tensile steels both for structural and 
engineering uses. The advent of the war with its short- 
ages of certain of the alloying elements has almost elimi- 
nated some of these steels and has forced changes to be 
made in the composition of other of the low-alloy high- 
tensile steels. The use of silicon in amounts to give 
alloying strength has been attractive since the available 
quantity of silicon is only limited by electric furnace 
capacity. The possibility of developing a steel with the 
desired mechanical properties and at the same time 
decreasing its hardenability to such an extent that weld- 
ing is not too difficult has been the aim of many low- 
alloy steel designers. 

Greiner, Marsh and Stoughton® in ‘The Alloys of 
Iron and Silicon’”’ review extensive studies of constitution 
and mechanical properties of iron silicon alloys. No 
quantitative statement is made by these authors regard- 
ing the weldability of silicon steels. 

Three surveys of tests for weldability of steels have been 
submitted by the Naval Research Laboratory. The 
first of these® presented a comparison of eight types of 
tests for weldability. The second’ showed the applica- 
tion of these test methods to a study of the weldability 
ot a series of 24 low-alloy nickel steels. The third® on 
Weldability Tests and Calculated Hardenability for 42 
Carbon-Manganese Steels presented weldability test 
data and suggested a possible correlation between 
weldability test results and the hardenability of the steel. 
The use of the end-quench hardenability' test was 
Suggested as a means for measuring this property. 
Further dependence of weldability upon hardenability 
and the carbon content of the steel has been pointed out 
in the literature." 

In the report on the effect of carbon manganese on the 
weldability of steel* it was pointed out that the presence 


to at the Annual Meeting, A.W.S., Chicago, Ill, Oct. 18 
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This paper represents only the personal opinions of the authors and in no 
Way reflects the official attitude of the U.S. Navy. Published by permission 
of Navy Department 
., | Division of Physical Metallurgy, Naval Research Laboratory, Anacostia 
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+ Hardenability is stated in terms of “ideal critical diameter,” namely, the 
diameter of bar in inches that will just harden all the way through in an ideal 
quench (a quench in which the outside surface of the specimen is reduced to 
the temperature of the quenching medium in zero time) 


of 0.20°%% silicon was effective in reducing the manganese 
or carbon content permissible for straightforward weld- 
ing. 

During the past year the results of a series of tests'® 
have been reported by Doan, Stout and Frye. This 
work will do much to simplify the problem of weldability. 
In this investigation, the principle of which was originally 
suggested by Kinzel,'* the maximum hardness produced 
in a certain weld was assumed equal to that at a certain 
distance from the quenched end of a hardenability test 
bar. This distance corresponded to the particular 
welding conditions used in the test. Other welding 
techniques were represented by other distances. In 
order to obtain a grain size in the end-quench harden- 
ability bar similar to that found in the heat-affected 
zone of a weld the test bar was heated to 2100" F. and 
quenched from this temperature. The relation of 
hardness to ductility was studied by continuously cooling 
flat specimens from 2100° F. at various rates and 
measuring the static ductility of the specimen as a slow- 
bend notched bar. In this manner it is possible to 
obtain an indication of the welding behavior of a steel 
by two tests, the first for hardness and the second for 
ductility at that hardness. 


Object of Tests 


This is a report of the investigation on the effect of 
the silicon content with varying carbon and manganese 
on the mechanical properties and weldability of steel. 
In determining the weldability of this series of steels 
three factors have been considered: first, the hardness 
produced in the base metal by a bead weld made under 
a standard welding technique; second, the effect of 
welding on ductility as measured by the V-notched slow- 
bend test; and third, the relation of weldability to 
hardenability as measured by the end-quench harden- 
ability test. It was also desired to analyze the data of 
this series in accordance with the extensive work on 
weldability at Lehigh University reported by Doan, 
Stout and Frye.'® 


Composition and Properties of Materials Used in 
This Study 


In order to cover the desired range of carbon, man- 
ganese and silicon, it was necessary to prepare expert- 
mental heats. Accordingly, twenty-seven 40-lb. ingots 
were made in a high-frequency induction melting unit 
having a basic crucible. The carbon ranged from 0.15 
to. 0.35% with manganese varying from 0.80 to 1.50%. 
The silicon content was varied from 0.65 to 1.20% by 
adding ferrosilicon just prior to pouring each of the three 
ingots per heat. 
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The following melting practice was used for the above 
heats. A weighed amount of S.A.E. 1015 scrap was 
charged in the basic crucible and melted down. The 
average time for melting the scrap was 37!/2 min. The 
heat was held for 14 min., then 0.20% ferroniions (95% 
type) was added to quiet the heat and condition it for 
further additions. To adjust the carbon content, iron 
containing 4.25% carbon was added immediately after 
the first silicon addition, followed in half a minute by an 
addition of electrolytic manganese. Aluminum strip 
(1'/, Ib./ton) was added 2'/, min. after the manganese 
for deoxidation and half a minute later the first ingot 
was poured into a cast-iron ingot chill mold with 40-lb. 
capacity including hot top and pouring head. A 
calculated amount of ferrosilicon was next added to 
the remaining metal to increase the silicon content and 
the second split poured within a minute of the first. 
Another calculated amount of ferrosilicon was added 
to the heat to further increase the silicon content and the 
remaining metal poured into the third ingot mold. A 
pouring temperature of 2750° F., observed with an 
optical pyrometer, was maintained as closely as possible. 

After the pouring heads and hot tops were removed, 
the twenty-seven ingots were forged to slabs 2 in. thick 
by 6 in. wide. They were then hot rolled to '/:-in. thick 
plates. Because of the effect of variations in finishing 
temperatures the steels were normalized for 1 hr. at 
about 100° F. above the transformation range in a 
controlled atmosphere furnace. 

The composition of the steels used in this study as 
determined by chemical analysis is given in Table 1. 
Mechanical properties in the longitudinal direction and 
hardness numbers of the plate material are given in 
Table 2. Charpy V-notched bar values at testing 
temperatures of 87° and 30° F. are shown in Table 3. 


Welding Technique 


In making comparative tests it is essential to hold 
conditions as constant as possible; hence, full auto- 
matic welding control was used. All of the electrodes 
used in these tests were supplied by one manufacturer. 
These electrodes were of mild steel, heavy-coated, 
reversed polarity (Navy Grade EA, Class 1; A.W-S. 
E6010) with */js-in. diam. core. The plates were all 
thoroughly cleaned of mill and furnace scale by sand- 
blasting before welding. NRL standard welding tech- 


Table 1—Chemical of Steels Used in This 


Study 


0.22 0.10 


nique for */j-in. diam. electrode with 175 amp., 26 y. 
reversed polarity and 6 in. per minute travel was used, 


Methods and Results of Tests 


The following sections describe the tests as they were 
performed and present the data obtained from the 


tests 
on the present series of experimental silicon steels, 


Maximum Hardness and Grain Size of Bead Welds 


Single- bead welds were deposited on plates 6 in. wide 
by 7 in. long by 1/, in. thick transverse to the direction 
of rolling by using automatic welding with 175 amps., 
26 v., and a speed of travel of 6 in. per minute. Vickers 
(10 kg.) hardness surveys were made on polished trans 
verse sections of the bead welds. Figure 1 shows the 
type of survey used for the test specimens. Test values 
for maximum hardness are reported in Table 4. A 
record was kept of the location of the indent with highest 
hardness. A survey of the grain size at the fusion line 


Table 2—Mechanical Used in This 


Study 
Yield Tensile Reduction 
Steel Strength* Strength Elongation of Vickers 
No. psi psi Per Cent Area Hardness 
224 54,350 78,200 37.5 66.0 154 
227 58,500 81,800 37.1 64.4 164 
230 69,050 91,000 36.4 70.0 182 
233 59,600 64,500 36.1 63.9 166 
239 68,750 95,950 33.2 65.4 197 
236 59,600 87,500 35.0 63.3 175 
247 63,900 98,950 32.5 59.7 192 
242 63,200 95 ,500 32.5 57.0 188 
228 51,500 83,300 36.1 65.7 172 
231 64,500 96,650 34.3 68.4 192 
234 60 ,850 87,350 35.0 65.2 176 
240 73,100 101,500 32.5 65.6 201 
225 $1,550 78,900 36.8 64.7 162 
243 67,500 96 ,400 32.8 58.7 193 
245 69,800 100 ,800 32.2 60.4 200 
249 79,900 107,600 31.1 64.2 210 
226 64,500 ,800 36.6 67.6 169 
232 53,700 95,400 33.2 65.2 196 
235 66,150 90,500 33.9 64.5 162 
229 53,900 86 , 700 35.7 65.6 178 
241 60 ,000 100,750 32.6 64.4 207 
246 71,450 103 , 900 30.7 60.9 202 
238 51,850 90 ,'700 34.3 62.4 182 
250 ,500 110 ,400 31.1 62.2 220 


Test specimen taken in direction. 
Diameter of specimen 0.357 Gage length 1.4". 


Testing Temperatures 
30 
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a ig Table 3—Results of Charpy V-Notched Bar (Impact) Test 
Steel 
227 83 48 
ie 224 0.18 0.84 0.66 0.038 0.016 0.23 0.14 0.05 0.02 0.03 250 70 72 
i 227 0.19 1.04 0.67 0.059 0.014 0.23 0.12 0.05 0.02 0.038 233 69 44 
: 230 0.22 1.44 0.69 0.037 0.013 0.20 0.09 0.06 0.02 0.03 239 64 37 
ys 233 0.25 0.86 0.69 0,039 0.014 0.22 0.10 0.05 0.02 0.03 3 
“ 239 «0.49 1.40 0.70 0.040 0.013 0.23 0.10 0.05 0.02 0.03 236 69 40 
236 «0.28 0.92 0.71 0.040 0.013 0.22 0.10 0.08 0.02 0.03 HH os 
Rane: 247 0.95 1.06 0.72 0.040 0.013 0.22 0.10 0.08 0.02 0.03 228 42 
242 «0.35 0.85 0.73 0.037 0.013 0.22 0.10 0.06 0.02 0.03 231 
228 O.22 1.04 0.87 0.038 0.014 0.23 0.12 0.05 0.02 0.03 
ede ee 231 0.82 1.48 0.90 0.039 0.013 0.20 0.09 0.06 0.02 0.03 9 
234 69 42 
234 0,28 ©.86 0.90 0.038 0.013 0.22 0.05 0.02 0.03 260 54 36 
1 haat 240 «0.28 21.40 0.92 0.041 0.013 0.22 0.10 0.05 0.02 0.03 225 70 56 
Les 225 0.18 0.84 0.93 0.039 0.014 0.23 0.14 0.05 0.02 0.03 245 34 19 
lad 243 «0.33 0.86 0.94 0.038 0.013 0.22 0.10 0.05 0.02 0.03 245 35 27 
ea 245 0.36 1.0% 0.94 0.040 0.012 0.23 0.10 0.05 0.02 0.03 
249 56 6 
yes 249 0.32 1.46 0.94 0,039 0.01 0.22 0.10 0.06 0.02 0.03 226 74 32 
226 0.28 0.86 1.12 0.038 O.01F 0.23 0.14 0.05,0.02 0.04 232 64 10 
peer 232 0.20 1.50 1.12 0,039 0.014 0.20 0:10 0.06 .0.02 0.03 235 56 34 
235 0.24 0.88 1.12 0.038 0.012 0.22 0.10 0.05 0.02 0.03 229 36 17 
7 he 229 0,20 2.407 1.14 0.037 0.012 0.23 0.12 0.05 0.02 0.03 
24 0.28 2.40 1.15 0.038 0.013 0.23 0.1 
of 0.35 1.07 1.17 0.040 0.013 0:22 0:10 0.08 0102 
2380.20 0.88 138 0.040 0.012 0.05 0:02 0:03 
eae. 250 0.351 1.50 2.19 0.039 0.012 0.05 0.02 0.08 250 50 29 
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Section of Bead Weld Showing Hardness Survey 


SIZE 3.7 


NO. 2 
GRAIN SIZE 4.2 


was made on the steels by photographing the structure 
of the heat-affected zone at 150 magnification and 
actually counting the enlarged grains for three locations 
to a depth of 0.02 in. below the fusion line on the bead 
weld section. Typical photographs of the microstructure 
at the fusion line are shown in Fig. 2 with the areas 
outlined which were used in determining the grain size. 
Test values for maximum hardness and fusion line 
grain sizes are reported in Table 4. 


V-Notched Slow-Bend Tests 


Strips 1'/. in. wide were cut (Fig. 3) transverse to the 
direction of the bead weld from the test weldments 
described above. Only sufficient metal was removed 
from the top surface to eliminate irregularities. Material 
was then removed from the lower surface to obtain a 
specimen 0.375 in. thick. The specimens were etched 
in a 5% nital solution and the location of the V-notch 
was determined by scribing a line on the side of the 
specimen parallel to and at a distance of 0.315 in. from 
the bottom of the specimen (Fig. 4). The V-notch was 


Fig. 2—Grain Size Study of Heat-Affected Zone 
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Fig. 3—Details of Bead Weld Test Specimen 


located at the point of intersection of this line with the 
line of fusion between the weld metal and plate ma- 
terial. In this manner the apex of the standard V-notch 
was machined tangent to the fusion line. For comparison 
a similar specimen prepared from the unaffected plate 
material was tested (Fig. 5). The specimens were 
bent to failure in a guided-bend test jig. The angle at 
maximum load for each specimen was noted and stress- 
strain diagrams were obtained. Data for the V-notch 
slow bend test are presented in Table 5. 


End-Quench Hardenability Test 


Since most of the material used in this study was 
available only in '/; in. thickness, 1'/,-in. rounds for 
the end-quench hardenability test were forged from the 


Table 4—Maximum Bead Weld Hardness and Grain Size of 
Heat-Affected Zone 


Steel — Maximum * of Max. Grain Size 
Ro. Hard- Quench Quench eat Affected Zone 

nese? Herdness Hardness i 
224 233 495 47 3.5 3.7 3. 
227 237 505 47 3.8 4.0 5.9° 
230 306 540 57 5. 3.8 2.7 
233 251 $75 44 3.3% --- 
239 376 620 $8 3.20 3.7 3.7 
236 281 606 46 2.8 2.8% 3.5 
247 368 675 54 2.9 4.3 3.38 
242 330 675 49 3.7 4.20 3.7 
228 268 540 49 3.20 --- 2.7 
231 306 $40 57 3.2 3.4 3.10 
234 260 565 46 5. 4.4 3.2 
240 389 620 63 2.5 3.4% 3.3 
225 234 505 46 2.8 3.6% 2.3 
245 333 655 §1 3.2 3.9% 3.5 
245 405 675 60 3.3 4.0” 4.0 
249 437 645 68 2.7* --- 3.1 
226 23 495 48 2.6 3.08 2.6 
232 317 520 61 3. 3.7 3.6 
235 274 565 48 3.3 4.5% 3.4 
229 264 520 51 3.34 4.5 3.2 
241 388 606 64 2.3 2.9 3.36 
246 373 675 55 3.0 3.8 3.3 
238 265 585 45 3.4% 3.6 2.9 
250 437 640 68 2.7* --- 2.9 


* Zone of mximum Vickers Hardness 


} Vickers (10 kg) 
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Table 5—Slow Bend (V-Notched) Test Results (175 “FR 


Steel Angle Ma x Angle 
No. Degrees Load-lbs. Degrees L be 
224 32 4680 23 
227 33 4920 24 
230 28 5345 11 
233 29 4845 18 
239 25 5435 10 i 
236 26 4920 13 479 
247 21 5200 7 4625 
242 20 5050 9 16): 
228 32 5150 21 $1 
231 26 5635 13 22 
234 25 4990 19 5055 
240 22 5495 7 4775 
225 31 4850 25 5035 
245 20 5200 15 


Fig. 4—Bead Weld Showing Location of V-Notch (Magnifica- 
tion 4 


Fig. 5—V-Notched Slow-Bend Specimen 


plate material. The pieces were normalized for 2’): 
hr. at 100° F. above the transformation range belor 
machining. End-quench hardenability test bars (Ig 
6 (A)) were machined from these forged bars. Thies 
specimens were inserted into a carbon jacket and main- 
tained at 2100° F. in a controlled atmosphere Globar 
furnace for 30 min. and then quenched in a standard’ 
jig (Figs. 7 and 8). The specimens were allowed t 
remain in the quenching jig for 10 min. or until cold. 
Two flat surfaces were ground along the full length © 


_the specimens (Fig. 6 (6)) at points 180° apart to 4 


depth of from 0.025 to 0.040 in. The flat surfaces wer 
prepared by hand polishing through No. 000 emery 
paper and the Vickers method with 10-kg. load was use¢ 
for the hardness study. The first indent was made «| 
0.015 in. from the quenched end; the next 14 indents 
were spaced at 0.025 in. and at least 14 additional indents 
were made with a spacing of 0.050 in. A number of the 
end-quenched specimens showed a hardness at the 


JANUARY 


= 
: 
fs 
; 
es 
4 
/ 
| 
\ 
\ 
y 
\. 
| 
| 
245 
rq 249 19 5740 
226 30 5035 24 514 
| 232 28 5750 12 
235 51 
| 229 5145 16 507 
= 29 5260 21 
1] 
241 21 5560 7 
24€ 20 5429 6 464 
" 
3 
qu 
wi 
| 
ae 
Ls, 
_ 
YA 
36-s 
4, 


025.040" 


\) 
\ 
Alb 


.025"—.040" 


VICKERS 
INDENTS 


A. 8. 
Fig. 6—Details of End Quench Hardenability Test Bar 


quenched end far below that predicted for maximum 
hardness for the carbon content. No decarburization 
was revealed by microscopic examination. In order to 
determine whether the low hardness was caused by re- 
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Fig. 7—Quench Jig with Bar in Position 
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Fig. 8—Quenching Equipment with Bar in Position 


RELATION OF CARBON CONTENT 
AND MAXIMUM HARONESS AND 
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Fig. 9 


0.40 0.50 


tained austenite all the end-quench test bars were cooled 
in a bath of liquid air. These specimens were again 
ground and indented for the Vickers hardness survey. 
The increase in the hardness at and near the quenched 
end of the bar was readily noted. 


37-s 


64 
‘ifica- 
2 
5) 
4 
r 2/; 
before 
Fig 
These 4 
lard! 
ed ti 
Id ; 
1G 
th oi 
to a 
were 
mery 
used 
le at a 
lents 
Pes 
lents 
f the LA | 7 


The grain size of the end-quench hardenability test 
bars was determined by polishing the specimen electro- 
lytically, etching with nital-picral reagent and photo- 
graphing a suitable microstructure along the bar at 100 
magnification. An actual grain count was made for 
an area on the photograph of 5000 sq. mm. The 
chemical analyses for carbon, manganese and silicon 
in the steels used in this portion of the study were made 
on samples drilled from the end-quench bar. The chemi- 
cal analysis for the residual elements of each heat was on 
the original stock. 

The distance along the bar which was taken for de- 
termination of ‘ideal diameter’ for full hardening was 
based on the hardness level indicated by the line for 
50% martensite (Fig. 9) for plain carbon steel. This 
distance was converted to ideal diameter by the relation 
given in Fig. 10. These curves have been presented 
by Grossmann" and have been reproduced here with the 
Rockwell hardness values converted to the Vickers scale.'* 


RELATION BETWEEN ENOD-QUENCH HARDENABILITY 
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le 6—Analysis of End-Quench Hardenability Test Data 
cme (2100° F., Quenching Temperature) 


Average (Dy) 
Grain * D 

‘ 18 2.0 1.80 1.80 0.21 15.4 
19 1.2 1.85 1.70 0.22 13.1 

22 1.6 2.70 2.60 0.24 28.1 

25 1.7 1.95 1.90 0.24 15.0 

239 29 2.2 2.20 2.25 0.27 18.8 
236 ).28 1.6 2.00 1.95 0.27 14.1 
47 35 1.6 2.50 2.40 0.30 19.2 
42 0.35 1.9 2.10 2.07 0.30 14.3 
228 ).22 1.6 1.95 1.90 0.24 5.0 
3 0.22 1.9 2.55 2.50 0.24 26.0 
234 0.24 1.7 2.00 1.95 0.24 15.8 
240 0.29 2.3 2.50 2.60 0.27 25.0 
225 0.19 1.4 1.75 1.67 0.22 12.7 
243 0.33 1.6 2.05 2.00 0.29 13.8 
245 0.35 2.4 2.35 2.45 0.30 20.0 
249 0.32 2.2 3.05 3.10 0.29 33.2 
226 0.18 2.3 1.75 1.80 0.21 15.4 
232 0.20 1.9 2.50 2.48 0.23 26.7 
235 0.24 Ae¥ 1.80 1.75 0.24 12.7 
229 0.20 2.4 1.90 1.95 0.23 16.5 
241 0.28 1.8 2.75 2.70 0.26 28.1 
246 0.35 1.8 2.3 2.20 0.36 16.1 
238 0.26 1.6 2.00 1.95 0.26 14.6 
250 0.31 2.8 2.95 3.20 0.28 36.6 


Dy = "ideal diameter” from Test Bar 


D} = Dy corrected to Grain Size No. 2.0 


Dy = "{deal diameter" for Iron-Carbon only 
- 


/ 

- 


Fig. 14—U-Notch Slow Bend Specimen 


[he “ideal diameter’ of each steel was corrected to a 
grain size of 2 by use of the chart in Fig. 11. The 
empirical relation of (D,’)*/D,” (the ratio of the square 
f the hardenability of the steel, corrected to a grain size 
No, 2, to the hardenability for the pure iron-carbon 
portion of the steel) is used in the analysis of the data. 
lhe analysis of the data from this standpoint is given in 
fable 6. Since this relation is empirical, no further 
statement as to its metallurgical significance is made at 
this time. 

The hardenability of the steels used in this study was 
also calculated using the methods* proposed by Gross- 
mann and the factors shown in Figs. 12 and 13. The 
bserved hardenability of silicon for the steels in this 
study when quenched from 2100° F. is not so great as 
that predicted by Crafts and Lamont'® or Grossmann.'* 


Continuous Cooled U-Notch Slow-Bend (Lehigh) 


Specimens 6 in. long by 1 in. wide by 0.25 in. thick 
were prepared. These specimens were heated to 


*In the method proposed by Grossmann, a steel is considered as having 
& base hardenability due to its carbon alone and this base hardenability is 
multiplied by a factor for each chemical element present. After multiplying 
ali these ‘together, the final product is the hardenability. Grain size may 
¢ taken into account either on the base hardenability or after multiplication. 
The factors for carbon content of a steel with a given austenitic grain size 
may be obtained from Fig. 12. Factors for the other constituents may be 
obtained from Fig. 13. 

The following composition for steel No. 226 may be used as an illustration 
of the method of calculation (austenitic grain size 2.3): 
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70 
el, 
60 
rar 
« e/\° 
e 
wi 40 
ao 
. © 30 
al 
_ 
RELATION OF U-NOTCH 
<b (0.25" THICK) TO 
w z 20 V-NOTCH (0.375" THICK) |. 
| [SLOW BEND SPECIMENS 
z | 
@|NORMALIZED 
OBEAD WELD |AND 
10 HARDRESS 
10 20 40 
ANGLE AT MAX, LOAD - DEGREES 


V-NOTCH SLOW BEND 
Fig. 15 


2100° F. in a controlled atmosphere Globar furnace 
and maintained at temperature for 30 min. The 
specimens were bent to failure in a guided bend testing 
jig with the specimens placed in the jig with the notch 
facing the opening in the female member of the jig. 
The angle at maximum load on each specimen was noted. 
Stress-strain diagrams were also obtained. Vickers 
hardness measurements were made on a section taken 
from each test specimen at a distance below the surface 
equal to the depth of the notch. Table 7 presents data 
obtained from these tests. More will be said in the 
discussion regarding the low hardness obtained for many 
of the brine-quenched specimens. 

We are continually confronted with the problem of 
conversion of the results for one type of test piece in 
terms of another type. The relation of the angles at 
maximum load for the U-notch and V-notch slow bend 
specimens with the steel in the normalized condition is 
shown in Fig. 15. The results of V-notched bead weld 
specimens are also compared with U-notch slow bend 
specimens continuously cooled to a hardness equal to the 
maximum hardness measured on the bead weld. These 
results indicate that an angle of bend of 35° for the U- 
notched specimen is approximately equivalent to an 
angle of bend of 20° for the V-notched specimen 


Factor Composition % Factor 
Mn 0.86 3°85" Cu 0.33 108 Discussion of Results 
ot 1.12 1.62 Ni 0.14 1.05 
4 0.038 0.98 Cr 0.05 1.10 . 
0.015 1.04 Mo 0.02 1.06 The results of tests for the present series of steels 
Product of Factors Dj = 1.96 in. together with other data presented by Walters’ permits 
1944 SILICON-MANGANESE STEELS 39-s 
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the construction of Fig. 16 showing the relative effect 
of silicon and manganese on the tensile strength in the 
normalized condition. The accuracy of the method of 
calculating the tensile strength of normalized steels 
from chemical composition suggested by Walters’? can 
be seen by comparison with the actual tensile strengths 
of the steels used in the present study (Table 8). It is 
to be seen (Fig. 17) that in a silicon-manganese steel, 


RELATION OF SILICON AND 
MANGANESE CONTENTS FOR 
120 N 0.20 PER CENT CARBON 
STEELS OF 75,000 PS.I. 
TENSILE STRENGTH 


T 
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XU 
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% 
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Fig. 17 


manganese is only slightly more effective than 
in increasing the tensile strength of normalized 

Increasing the silicon content of any of the steele ;, 
this study in the range 0.60 to 1.20% affects the weta, 
bility as measured by maximum bead weld hardm 
and ductility only moderately. The results 0; 
tests indicate that less weld hardening and bet 
ductility are to be obtained by the use of silicon in 
erence to manganese. 
high ingot shrinkage and rolling difficulties which ay, 
encountered in steel mill practice may upset this ag. 


vantage. 


improved mechanical properties due to manganes 


Discussion of End-Quench Hardenability Results 


It has been suggested by Kinzel'* that each comb; 
nation of welding conditions corresponds to a position 
on the end-quench hardenability bar. From the data 


Table 7—Results for 


Also for a given tensile strength better q 
tility and notched-bar impact results are to be obtaing 
in the manganese steels. The practical solution for . 
high-tensile low-alloy steel may well be a compromis: 
between the improved weldability due to silicon and th, 
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Angle at Maximum Load 


Brine 011 Air Furnace by liquid air Brine O11 


Average Vickers Hardness Number 
Brine followed 


Steel 

No. 

224 5 
227 15 
230 10 
233 5 
239 5 
236 9 
247 10 
242 10 
228 15 
231 15 
234 8 
240 11 
225 2 
243 8 
245 7 
249 10 
226 14 
232 15 
23 11 
229 15 
241 16 
246 ll 
238 
250 13 


Table 8—Comparison of Actual and Calculated Tensile 


435 390 306 185 15] 
450 380 319 i194 158 
464 415 455 213 17% 
483 409 457 194 163 
519 508 399 227 ] 
500 285 480 209 17 
592 413 548 228 18" 
566 397 554 226 

452 361 349 199 

475 366 314 224 

493 322 457 207 

536 294 498 231 

429 411 304 193 1¢ 
566 440 542 224 Re 
575 345 35 236 194 
575 480 4035 248 206 
413 188 3O9 209 16 
70 339 425 229 166 
473 296 459 207 

452 423 317 212 

533 313 401 245 
566 S72 548 239 197 
486 475 378 209 17 
572 514 381 256 


Strength 


Tensile Strength psi 
Actual Calculistec 


87,300 
99,000 
95,300 
83,300 
96,600 


87 ,400 
101,500 
78,900 
96,400 96 ,400 
100 ,800 101,500 


107 ,600 106,200 

BOC 83 , 200 
94,800 
90,000 
88 , 400 


104,000 
104,30 
92 ,8¢ 
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PREDICTED VICKERS HARDNESS 
Fig. 18 


presented by Doan and Stout!® a welding technique of 
175 amp., 26 v. and 6 in. per minute corresponds to a 
listance of 0.34 in. from the quenched end. The maxi- 
mum bead weld hardness for a number of steels is com- 
pared with the end-quench test bar hardness at 0.34 in. 
distance in Fig. 18. Further data for the steels used in 
this study are presented in Fig. 19. The trend of the 
orrelation is in general accurate only to +20%. It 
will be realized that this is not entirely satisfactory for 
the welding engineer except as a preliminary indication 
since this might predict a hardness of 240 to 360 for a 
steel whose actual maximum hardness is 300. Thus 
it is necessary to analyze the end-quench hardenability 
test data further in order to determine the other factors 
which control the hardness at any given distance along 
the bar. 

The maximum hardness that may be obtained by 
drastic quenching is dependent upon the carbon content 
alone (Fig. 9). The hardness attained by less drastic 
methods of cooling will be determined by the carbon 
content as well as the alloy content. It has been pointed 
out” that the hardness attained by any steel under a 
given welding technique is affected by the carbon content 
as well as the hardenability of the steel. The most 
convenient method of analysis is that shown in Fig. 20, 
where a relation is shown between (D,’)?/D,"* and the 
per cent of maximum quench hardness attained at 0.34 
in. distance along the bar. Further analysis of the end- 
quench hardenability test results indicate definite 
correlation at any distance greater than 0.2 in. along the 
bar. This agreement is not so good for shorter distances, 
especially for the higher hardenability steels. This is 
to be expected as small variations in the condition of the 
suriace of the quenched end, or small variations in the 
temperature of the quenching water, or in the exact 
technique used in handling the specimen will influence 
the results at the quenched end. The hardness at- 
tained at the shorter distances will also be influenced 
by any retained austenite present in the rapidly quenched 
portion of the test piece. This effect can be partially 
overcome by a low-temperature treatment of the end- 
quench hardenability test bar with dry ice or liquid air 


D;’ = Ideal diameter corrected to grain size No. 2. 
Ideal diameter for iron-carbon only. 


Dy” = 
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PREDICTED VICKERS HARDNESS 
Fig. 19 


before measuring the hardness. The above analysis also 
can be applied to the correlation of weld hardening with 
end-quench hardenability test results. The scatter of 
the data may be reduced by correcting for grain size 
both in the end-quenched bar (Fig. 11) and in the heat- 
affected zone (Fig. 12) of the bead weld; such an analy- 
sis is shown in Fig. 21. 

The use of hardenability calculated from chemical 
composition gives results that show somewhat greater 
scatter than obtained by actual measurement using the 
end-quench hardenability bar. 

There has been a constant attempt to simplify the 
metallurgy of welding even to an extent beyond that 
possible in ordinary heat treatment practice, The 
metallurgy of welding even in its simplest case, that of 
a bead weld on a plate, is complicated by high tem 
peratures, grain growth and drastic changes in the ther 
mal cycle, together with conditions of diffusion and 
stress. In general equilibrium conditions are rare. 

The present study indicates that, in addition to the 
end-quench hardenability test data, it is necessary for 
a full analysis to have the carbon content and the grain 
sizes for the end-quench bar and the heat-affected zone. 
Very few data are available at this time for the effect 
of welding technique on grain growth in the heat- 
affected zone. We have evidence that higher energy 
input in the welding cycle in some steels may increase the 
grain size sufficiently to affect the hardenability so that 
a greater maximum hardness results with increased 
welding currents. Further simplification of such data 
by use of charts or other means is highly desirable and 
will be possible when a more complete analysis of the 
metallurgy of welding is available. 


Discussion of Continuous Cooled U-Notch Slow Bend 
Results 


The use of brine and oil quench and air and furnace 
cool does not always give sufficient variation in hardnesses 
to establish the relation of hardness and ductility. 
There is need for a specimen with an intermediate 
cooling rate between the oil quench and air cool. Several 
methods have been tried but so far no procedure has 
proved entirely satisfactory or reproducible. 
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One of the most surprising observations in this investi- 
gation was the low hardness accompanied by low duc- 
tility found in many of the brine-quenched specimens. 
For example, in steel No. 226 the oil-quenched specimen 
had a hardness of 309 while the brine-quenched specimen 
had a hardness of only 188. The angles at maximum 
load, however, were 16° and 14°, respectively. This 
indicated that the brine-quenched specimen probably 
contained considerable retained austenite which was 
rapidly transformed during test by the high-tensile 
stress at the apex of the notch. In order to determine 
if this were the case, sections of the brine-quenched 
specimens were treated in a liquid air (—185° C.) bath 
and the hardness measured (Table 7). In all cases the 
hardness increased and in most cases became greater 
than that of the oil-quenched specimen. Steel No. 226 
increased in Vickers hardness from 188 to 413. This 
indicates the presence of a surprising amount of retained 
austenite in this steel. Many of the other steels like- 
wise show the presence of retained austenite. 


Summary and Conclusions 


From the results of this study a number of conclusions 
are indicated: 
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PER CENT MAXIMUM QUENCH HARDNESS 
AT 0.34" FROM QUENCHED END OF 
HARDENABILITY TEST BAR 


Fig. 20 
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1. Silicon is almost as effective as manganese ; 
increasing the tensile strength in the normalized 
tion. 

9. 


The use of silicon as a strengthener of normaly, 
steels for welding is to be preferred to that of c: irbon ¢ 
manganese as lower weld hardening and higher 
ductility results in the silicon steels. 

3. The presence of retained austenite has bey 
observed with a carbon content as low as 0.18%, with 
0.86% manganese and 1.12% silicon in specimens 
quenched drastically from 2100° F. This bhsearvetie 
must be kept in mind in the use of these steels for welded 


1 Or 


wel id 


structures as tensile stresses in service will have th, ‘a “ 
tendency to transform the austenite giving a dange rously fect 
high hardness product with low ductility. "a d 
4. Weld hardening results are dependent upon the is $ 
carbon content and hardenability of a steel and both the 
must be considered in analyzing the effect of a welding por 
technique on hardness. wel 
The field of metallurgy of welding is still enteneth red 
complicated by a large number of variables. The field 
of metallurgy of welding has taken great strides ; 
recent years and possibly the day is not too far away r, 
when studies of welding will help in untangling som eae 
the mysteries of metallurgical behavior. 
ke 
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fhe silver brazing was done using an oxyacetylene torch 
and no heat treatment was given these specimens after 
brazing. 
Pressure-Welded Joints 

Clean ends of 2-in. round solid bar stock of S.A.E. 
124() steel was butted together under pressure and heat- 
‘ng was done by an annular arrangement of oxyacetylene 
fame tips mounted on an oscillating head and surround 
ing the joint. A photograph of the joint is shown in Fig. 
{and the upset produced at the plane of the joint caused 
the bar to shorten '/2 in. in length during this operation. 

Rotating cantilever beam fatigue specimens were then 
machined from these pressure-welded assemblies. The 
first specimen was machined to a cylindrical bar 1.905 in. 
in diameter and the second to 1°/,; in. at the test section 
is shown in Fig. 18. Both of these specimens failed in 
the press-fitted chuck or head in which they were sup- 
ported during test instead of failing in the plane of the 
weld. For this reason the remaining two specimens were 
reduced to 1'/2 in. diameter at the plane of the weld.t 


Method of Testing 
Tube Triangle 
The machine used to test the tube triangles in reversed 


* Silver brazing was done by Handy & Harman Co 
+ All specimens were cold rolled at the portion away from the test section 


where it is pressed into the head so as to increase the fatigue resistance to 
failure in the press fit A three-roller device was used with rollers spaced 
apart Rollers were 2.916 in. diam. and */1 in. contour radius and the 


sure per roller was 800 Ib 


Te OF Loan 


\Seaze THis 
Fig. 4—-Oxyacetylene Pressure Welded Joint 
(a) After welding. (b) Lonaitudinal macro after we 
: ing unaffected heat es at A, transition zones at B ted 
Fig. 3—Design of Sleeve Joint Copper and Silver Brazed zone at C. (c) Longitudinal macro after heat treating 
Table 2—Results of Fatigue Tests on Welded Tube Triangles 
DEFLECTION | MEASURED BENDING STRESS, pei, at** FATIGUE LIFE 
om. STEEL TIPE 6 WAG. GAGE] SR- CAGE NO. OF 
INCH D STROKES MILL, LOCATION OF CRACKS** 
Aub! He | * .078 15,050 14,860 12,210 516 Weld Junction at 
t 
xs poin on Top 
Teas = 2040 8,760 7,990 6,250 42905 No Failure 
3467 Exp. = 057 11,350 1,200 9,085 4s985 No Failure 
: + | Broke in Bolt Hole et 
Test .065 13,050 12,773 | 10,400 _3.760 Elect, Magnetic Gage 
t 
p ARC 065 13,435 10,900 # 3.890 Through Weld at * Tubing had .046-in. thick wall: 
ona . Point 2 on Bottos | all other triangles had .065-in. wall 
I ~at f rages d te 
= 12,650 12,315 | 10,000 1.650 Broke in Bolt Hole of cracks 
Electro-Magnetic eae @ Not measured values but calcu 
1 + 064 Through Pinhole et lated as 81% of stress at B 
° 1.650 bottom; through Pinhole 
at 6 ~ 
let 
Test .040 8,300 | 6,700 44830 No Failure 
Suz and, Weld Junction at 
t ,057 | 9.5008 34570 Poipt 7 
3 Through Weld at 3 bot- 
ATOMIC | 13,340 | 10,8008 tom; Weld junction at | 
+ 
= 8,035 | 6,5008 5,070 No Patlyre 
and , Weld Junction at 
et - 057 _| 12,825 | 9,608 1,035 Point § on bottom, 
1944 FATIGUE TESTS AIRCRAFT JOINTS 5l-s 
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Fig. 5-Fatigue Failure at Edge of Weld of Arc-Welded Triangle 
A - 465 (1% Moly) 


nay have initiated at point (1). Structure and hard- 


ho n Figs. 12 and 16) were made on plane X. 


Fig. 6—Fatigue Failure Through Weld of Arc-Welded Triangle 
D - 471 (NE 8630) ; 


Fracture may have initiated on the underside of the weld at 
point (2) where a re-entrant notch is formed by the intersection 
of the strut and outer leg of the triangle. Structure and hardness 
survey (shown in Figs. 13 and 16) were made on plane X. 


bending is shown in Fig. 2. A variable throy 
operates at 980 r.p.m. in a vertical plane and at 
angles to the triangle clamped in a horizontal! plane 
Bending stresses in the triangle were determined at 2 nd 
D in Fig.1. The stress at D would more nearly represent 
the actual value of the stress in the weld except for Joca| 
stress concentration due to the shape of the joint. The 
stress at D was found to be about 81% of that at B * 
Two types of gages were used to determine bending 
stresses (a) SR-4 strain gages Type A-1 of !9/,¢-in, gage 
length and (b) magnetic gages of 2-in. gage length. The 
strains were determined statically when SR-4 gages were 
used and dynamically through a recording oscillograph 
with the magnetic gages. Application of the magnetic 
gage required drilled and tapped holes through the 


Tank 
right 


these bolt holes the use of magnetic gages was discop. 
tinued. 


Sleeve Joints 


The sleeve joints were tested as rotating cantilever 
beams in machines similar to those used in an earlier 


A il 


vestigation. The head pressed on one end of the test 
specimen, Fig. 3, was bolted to the end of the spindle of 
the test machine which operated 1750 r.p.m.; the op- 


* Gage D could not be located on top center line of the tube because o 
weld metal being in this location so that gage was slightly off top center on 
the side. The measured stress at D was multiplied by 1.035 to correct |; 
this off-position and the stresses given in this paper are the corrected val 


| 
WILLIONS 


REMARKS 
i = Not Heat Treated 


17,900 28,00 Stress increased to 19,00 
19,000 28.30 Stress increased to 22, 0% 
22,000 41.50 Stress increased te 25, 
25,0 3.63 Broke at "A" 

22,000 0.46 Broke at "A" 

19,000 2.21 Broke at "A" 


rer Bresed Heat treated by 01] quench at 1550" F & Temper gt | 


17,000 Stress increased to ] 
19,000 
22,000 2 
25,000 
28,000 Broke st "a* 
22,000 Stress increased 
25,000 
28,000 
30,000 Broke at *B* 
25,000 Stress iacreased 
28,000 ° Broke at "A" 


Siiver Brazed using Oxy 


Acety ine Torch - Not Heat Treated 


Breke at 
Stress increased 
Broke st "a* 
18,000 Stress increased 
19,000 Broke at "A* 
18,000 Broke at 


19,000 
17,000 
19,000 


— 


Table 4—Results of Fatigue Tests on Pressure Welded Joints 


DIA. NOWINAL BENDING REVOLUTIONS 
TEST STRESS IN PLANE IN REVARIS 
SEAT IN, OF WELD, pei MILLIONS 


2 19,000 Stress increased to 
22,000 
25,000 : ® 2 
28,000 
30,000 
35,000 
40,900 45 
50,000 ) Broke away from weld* 


1-5/8 45,000 Stress increased to ‘ 
50,000 } Broke away from weld" 


12/2 50,000 Stress increased to ‘5, 
55,000 * 60, 
60,000 Broke in plane of weld 


1a/2 55,000 Stress increased to 5%, 
58,000 Broke in plane of weld. 


* Specimen broke off inside press fitted head. 
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end of the specimen had a load applied to it 


newt , spring having a low spring constant. ‘The 
anding stresses expressed for these specimens are only 
inal calculated stresses and do not include the effect 

¢etress concentration. In this calculation the length of 
e le rm was taken as being from the center line of 


loading bearing to the plane of the joint; this lever 

«mn times the spring load gives the bending moment 
+ the joint to obtain the bending stress expressed in this 
paper 


Atomic-Hydrogen Welded Triangle H - 1 (S.A.E. 
Fatigue Fracture Initiated Along Edge of Weld 
at Point (3) 


1g 


Fig 
X - 4130). 


Fig. 9—Atomic-Hydrogen Welded Triangle H-2 (S.A.E. X 


4130). Fatigue Fracture May Have Initiated at Point (5) Along 


Edge of Weld 


©tructure and hardness survey (shown in Figs. 14 and 16) were 


al 


made on plane X. 


1944 


Ree 


FATIGUE TESTS AIRCRAFT JOINTS 


Pressure Welded Joint 


These joints were tested as rotating cantilever beams 
at 1700 to 2050 r.p.m. and in machines similar to those 
used for the sleeve joints reported here. 


Results of Fatigue Tests 
Tube Triangle 
Table 2 gives the results of fatigue tests for the meas- 
ured bending stresses and the conditions under which the 


Fig. 8—Atomic-Hydrogen Welded Triangle H-1 (S.A.E. X - 
4130). Fatigue Fracture Initiated at Point (4) Along Edge of 
Weld 


Fig. 1O—Arc-Welded Triangle M-2 (S.A.E. X - 4130). 
Fracture Initiated at Point (7) 


Fatigue 
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eight triangles were investigated. Fatigue failure de- netic gages. Of three triangles which were drilled 


veloped (a) at the edge of the weld in five triangles as tapped to receive magnetic gages, one failed at the ed, fig. 13 | 
shown in Figs. 5 to 10, (6) through two blowholes in the of the weld (Fig. 5) instead of through the bolt hol. 
weld of one triangle as in Fig. 11, and (c) in two triangles Photomicrographs typical of the weld metal, transitio, ale 
through one of the bolt holes used to attach the mag- region and parent metal investigated are shown in Pic 
12 to 15. Hardness survey shown in Fig. 16 was made ;, 
transverse planes through the welded joints and on 4 107, moly 
x same surface from which the photomicrographs wer, j 
taken. Comp 
. veld l 
Sleeve Joints 
Results of fatigue tests are shown in Table 3 and thr VPN. | 
typical fatigue fractures in Fig. 17. VPN. f 
° aenc" 
Pressure-Welded Joints 
ista 
The S—N curve covering these results is plotted in Fi, rhe it 
Is. A typical fatigue fracture is shown in Fig. 19 wher, the test 
failure developed in the plane of the weld leaving a ven aifure 
clean surface on the face of the fracture. Macro- an rangle 
- 
microstructure before and after heat treatment are ind; ie pe 
cated in Figs. 4 and 20. The hardness survey made on a; Trian 
untreated specimen, Fig. 21, compares with R, reading ale 
of 30.5 to 32.5* made on the same specimen after heat “at = 
treatment. 
Discussion 
Lube Triangle n the 
A total of only eight triangles was tested and this started 


number of tests does not permit a rigid comparison of the 
variables involved. The results do show, however, that 
there are no outstanding differences in the fatigue r 
sistance of the triangles for the various conditions in 
vestigated. It may be said that the endurance limit 
would be 11,000 or less for any of the triangles tested 
There is a trend for the 1% moly experimental steel t 


Fig. 11-Arc-Welded Triangle M-1 (S.A.E. X - 4130), Showing 
that Fatigue Failure Initiated at Blowhole in Weld at Point (5). 
Also, Fatigue Failure Developed Simultaneously at Another 
Blowhole in Similar Location on Opposite Side of Triangle 


show slightly greater fatigue resistance than any of th: 
other steels but additional tests would be required to ¢ 
firm this. A possible explanation for this may be foun 


in Fig. 16 (6) which shows that the hardness of the parent rease 
material and the weld transition region is higher for th: 
Structure and hardness survey (shown in Figs. 15 and 16) were 
made on plane X. * All joints tested after heat treating to this hardness range * Whi’ 


Fig. 12—Arc-Welded Triangle No. A-465; 2% Nital Etch; 100 x 1 
Micros made on plane X in Figs. 5 and 16. A—Weld metal. B—Parent metal on left and weld metal 1 
upper right, fatigue crack runs through weld into parent metal and is secondary fatigue crack (Fig. 16) paralie: J Fic 


to main crack (Fig. 5). C—Parent metal. 
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. moly steel than for the other welds in 16 (a), (c) and 


Comparing the arc weld with the atomic hydrogen 
veld on S.A.E. X-4130 it will be noted from Fig. 16 (c) 
nd (d) that the hardness of the weld metal is about 200 
PN. or better for the former and only around 150 
vy P.N. for the latter type of weld. Here again there is a 
endency for the lower hardness welds to give less fatigue 
-<jstance than those having higher hardness. 


[he influence of pinholes in the weld was found from 
the test of triangle ./-1 shown in Fig. 11. Here fatigue 
ilure developed through two pinholes whereas a similar 
triangle C-469 without pinholes did not fail after the 
same period of test of 1.65 million reversals. 


lriangle D-471 failed in a manner different from any of 
the others as Shown in Fig. 6. In this case the initiation 
int of the fatigue fracture appeared to originate at a 
r-entrant angle formed by the inner wall of the strut 
where it intersected the leg of the triangle (point 2, Fig. 
The distribution and direction of the growth lines 

n the face of the fracture indicate that this failure 
started at point 2 and progressed up through and across 
the weld. All of the triangles investigated had this re- 
utrant angle but none of the others failed in this manner 


ates that one triangle in six fails as shown in Fig. 6.* 
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All triangles, with the exception mentioned above, had “i 
their initiation of fatigue fracture at the surface and, aS 
jurthermore, the fatigue cracks appear to have initiated Rah: 


n the weld metal and very near the edge of the weld as 
shown in Figs. 5, 7, 8, 9 and 10. At the plane of the 
failure the hardness was observed to just begin to de- 
rease from the parent metal into the weld. This same 
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* While only one triangle of NE 8630 steel is reported here others were 
ted and are being reported by A. J. Williamson in his paper, “‘Fatigue 
tudies of Welded Test Triangular Structures with NE 8630 Steels,"’ presented 
fore 1943 Annual Welding Society Meeting Fatigue resistance will be 
within the range of values reported for all triangles in Table 2. 
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Fig. 14—Structure of Atomic Hydrogen Welded Triangle H-2 Fig. 15—Structure of Arc-Welded Triangle M-1 (S.A.E. X-4130); 
(S.A.E. X-4130); 100 x 100 x 
Weld metal at lower right; transition region on left. Weld metal in upper right; parent metal in lower portion. 
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observation has been made in an earlier report! and in 
other triangles not reported here. 

The stresses at which these triangles were tested are 
close to the endurance limit and in this stress range 
there is apparently little difference in fatigue resistance 
between the various kinds of triangles. Under oc- 
casional high service stresses there may be a greater 
difference in fatigue resistance. For this reason in 
future investigations, where a larger number of specimens 
is available, it is intended to test at higher stresses than 
reported here. 


Sleeve Joints 


The copper-brazed sleeve joints had an endurance 
limit of 18,000 psi. when not heat treated and this value 
was increased to 25,000 to 27,000 psi. by heat treatment 
on the basis of the fatigue data given in Table 3. Earlier 
reported tests' on not-heat-treated sleeve joints gave an 
endurance limit of 15,000 to 17,000 psi. but the design 
of the joint was not as streamlined for minimum stress 
concentration as was done in the design shown in Fig. 3. 

The not-heat-treated silver-brazed sleeve joints gave 
an endurance limit of 17,000 psi. which compares with 
18,000 psi. obtained on similar copper-brazed joints. 


Pressure-Welded Joints 
The endurance limit of 55,000 psi. obtained for these 


gas-pressure welds was about 80°% of that estimated fi 
the same size specimen from the parent material withoy 
the weld.* The literature contains but few references ; 
this type of joint but Moore and co-workers? and als 
Keel® published fatigue values. Moore investigated raj 
and found the gas-pressure welded rail to have more tha, 
77% of the fatigue resistance of the unwelded raj] jy . 
rolling load full-scale rail test. Small polished specimen 
cut from the unwelded portion of the rail gave a rotating 
beam endurance limit of 60,000 to 62,000 psi. as com. 
pared with 44,000 to 58,000 psi. for similar specimens 
having the plane of the weld in the center of the test sec 
tion. Keel reported pulsating tension fatigue data o 
0.53 and 1.2 in. diam. specimens where fatigue failur, 
developed away from the weld. For loading from zer 
to maximum tension the smaller specimens gave a fat 
strength 35,000 psi. and the larger 31,500 psi. 

The results reported by Moore, Keel and the authors 
indicate that the gas-pressure welds give higher fatigy; 
values than obtained on the usual gas or arc weld and jy 
this respect these high fatigue values are comparable with 
those published‘ for resistance welded bars. 


* If small fatigue specimens were cut from the parent material an 


end 
1 endur 
ance limit of 78,000 psi. would be expected. Considering size effect it is 


estimated that 78,000 for the small specimen would become about 6 
t-in. specimen investigated here 
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studies were made. Shaded areas indicate weld metal. 
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Fig. 16—Hardness Survey Across Weld and Parent Metal of Welded Triangles (VPN—1-Kg. Load) 
Readings taken on planes marked X in Figs. 5, 6, 9 and 11, which were same surfaces from which micr 
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* Fig. 17—Fatigue Fractures of Copper Brazed Joints. Oil 
| Quenched from 1550° F. and Tempered at 1000° F. See 
~ Fig. 3 for Joint Design 
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Fig. 20—Structure of Oxyacetylene Pressure Welded Joint; 


Fig. 18—S-.N Curve on Oxyacetylene Pressure Welded Joints Micros made in plane of weld near O.D. A—Before he 
per Data in Table 4 ment. 8B—After heat treatment; vertical line is weld juncti 
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Fig. 21--Hardness Survey Made on Oxyacetylene Pressure 
Welded Joint 


R. readings taken on longitudinal slice through center line of 
specimen. No heat treatment after welding. Regions enclosed 
by dotted lines marked A, B and C are, respectively, unaffected 
heat zone, transition zone and heated area. 


Conclusions 


As a result of these fatigue tests made under the 
conditions outlined the various joints had the following 
endurance limit values: 


Production of Single- 
Spot Welds in Mild 
Steel Plates of 
"hy /s and In. 
Thickness 


By J. Dearden,+ B.Sc., A.M.I. Mech.E. and Hugh 
O'Neil, + M.Met., D.Sc. 


Synopsis 


S REQUESTED by Committee R 51 of the In- 
stitute of Welding, the optimum conditions for 
making a single-spot weld in '/s-, '/s- and */s-in. 

mild steel plate have been determined. The effects of 
current, timing, welding and upset pressure, electrode 
tip diameter, dwell timing, heat control and interrupted 
current have been studied and assessed. The main 
results are given in Table 1, and may serve as a guide 
to production welding. The properties of multi-spot 
seams may be slightly different from those of single-spot 
specimens. 
Observations were made on indentation and splashing, 
and conditions for their limitation determined. Radio- 


*M-S. received November 21, 1942, abstracted from British Institute of 
Welding Transactions, January 1943 
t L.M.S. Research Laboratory Derby 


Tube triangle 


2. Sleeve joints: 


(a) Copper-brazed, not 


| 1,000 psi. or less 


heat treated .... 18,000 psi. 


(6) Copper-brazed, heat 


(c) Silver-brazed, not 


heat treated....... 17,000 psi. 


Gas-pressure welds. ... 


Acknowledgments 


Thanks are extended to the various companies men 
tioned in the paper who welded all the specimens re 
ported here. Appreciation is accorded Mr. H 
Neifert, Research Engineer at Timken Roller Bearing 


55,000 psi. 


Co., for carrying out the laboratory testing work. 


Bibliography 


1. See Figs. 10 and 11 in Buckwalter, T. V., and Horger, O. J Fat 
Strength of Welded Aircraft Joints,"” Tae Wetpinc 


Suppet., VII 525-s (1942) 
2 Moore, H. F., Thomas, H. R., and Cramer, R 


JOURNAL Researc 


E., ‘“‘First and 


Progress Report—Joint Investigations of Continuous Welded Ra 
WELDING JOURNAL, 18 (8), Research Suppl., 260-s to 270-s 


Research Suppl., 203-s to 302-s (1940) 


1939 19 


3. Keel, C. F., “Oxyacetylene Pressure Welding,’ THe Wetpine Jor 


RESEARCH Suppv., VIII 212-s and 213-s (1943 


4 Spraragen, W., and Rosenthal, D., ‘Fatigue 


Joints,” THe Wertptnc JourNAL, 21 (7), Research 
(1942) 


Strength of Weld 
Suppl.,. 


297 


Table |1—Optimum Welding Conditions pot 
Welds (Subject to a Limiting Indentation of 10 Max) 


| 


| 


oe | Shots Heat Breaking 
Plate, Tip* |Current (30cycles) Input | Load 
Thick-| Dia. (amps.)| on | (amps.*< | of weld 
Ness | I cycle cycles) (tons) 
| off) 
| 9,000) 2 | 48x10" 20-25 
| 18,000 9:7x10*| 30-35 
15,000 2 13-5x10*| ,, 
13,0003 15 x10*! ,, 
” ” 12,000 4 17 x 10° 
» | 10,000; 8 | 24 x10*| ,, 
| 
| | 20000} 3 | 36 xto*| 
18,500; 4 41 x10* ,, 
16,000 61 x 10°| 
14,000 12 70 x10°| ,, 
» | 13,000) 16 | 81 x10") ,, , 
| | 25,000) 2 | 37 x10*| 65-75 
ae » | 22,000 4 | 58 x10*| 80-90 
‘ » | 18,000 8 77 x10°| ,, 
» 16,000 12 | 92 x10*| ,, 
” 15,000 16 106 10° | ” 
| a! 4a | 26000! 4 | 81 x10°| 110-120 
1 6 |104 x10*| , 
| 8 (116 «10° 


| 


* Recommended welding pressure, 15,000 Ib. /sq. in. 
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graphic and metallographic examinations were also 
ried out. The effect of variations in the dimensions 
‘ the single-spot, single-lap, shear specimen was studied, 
nd the process of failure during tests of this form of 
secimen analyzed. The following principal conclu- 
sons apply only to the particular material (0.16 © carbon 
steel), thicknesses and range of welding conditions em- 
oloved in the investigation: 

1. Method of Failure. A good quality single-spot 
veld of high potential breaking load is liable to pre- 
nature test failure by tearing, owing to bending of the 
omponent plates during testing. Resistance to bend- 
ng is proportional to the width and to the square of the 
thickness of the test specimen. Breaking loads are 
therefore liable to be influenced by these dimensions 
ind widths of 2 in. and 2.4 in. were used in this work. 

2. Breaking Load. Subject to (1) above, the break- 
ng load of a spot weld is proportional to its size, and 
this is limited by the diameter of the electrode tips. 
For strong welds having shallow indentation large tips 
are therefore desirable. A limit to tip size is set by the 
urrent capacity of the welding machine, as a minimum 
urrent density is necessary to avoid timings of in- 
dinate duration. 

Using '/e-in. diameter tips, breaking loads of 5.5, 
1.0 and 14.5 tonst per spot are possible in this '/s-, 
, and */s-in. plate, respectively. If indentation is to 
be limited to a maximum of 10% of the plate thickness, 
these values are reduced to roughly 4.5, 8.5 and 11.5 
tons, respectively. 

3. Ductility. The extension of these spot-weld 
test specimens was a function of the load and inde- 
endent of the mode of failure. As normalizing re- 
luces the breaking load and the extension pro rata, it 
loes not improve the ductility of a spot weld in mild 
steel. 

4. Resistance to Impact in a spot weld depends 
ilmost entirely on the development of an “‘ingot,”’ or 
fusion zone, of adequate size within the weld. 

5. Porostty does not appear to have any influence 
m breaking load, which is largely determined by weld 
size and presumably by the degree of stress-concentration 
ecurring at the periphery of the weld during test. 
Fatigue tests have not been carried out, but it is not 
onsidered likely that porosity in the center of the 
ingot would seriously decrease the fatigue resistance. 

6. Splashing. The ejection of liquid metal be 
tween the plates (splashing) must be prevented if deep 
indentation is to be avoided. Expressions are given 
for determining combinations of current, timing, pres- 
sure, tip diameter and plate thickness which will avoid 
splashing. 

’. Welding Pressure appears to have very little 
influence on the quality of spot welds provided the 
current density is below 150,000 amp. per square inch. 
Above this value increasing pressures cause deeper 
indentation. High pressure is of value in preventing 
splashing, but may result in rapid spreading of the tips 
if these are initially too small in diameter. 

‘. Upset Pressure. The application of upset pres- 
sure when welding '/;- and */s-in. plate does not produce 
any combination of breaking load and indentation 
which cannot be obtained without upset pressure. 

4. Current. Current is the most important factor 
in determining weld strength, current density being of 
secondary consideration. The current value obtained 
with a given transformer tapping is not affected by 
variations in electrode pressure within the range exa- 
mined; it is slightly reduced by a decrease in tip size and 
by an increase in plate thickness. 


Long ton = 2240 Ib 


10. Rip Diameter is not critical, and considerable 
increase in diameter may be tolerated in service pro 
vided the current density is above a certain critical 
value for each diameter. Above this value and with 
constant current and timing, the percentage reduction 
in strength is less than one-third of the percentage in 
crease in tip diameter within the range examined 

11. Interrupred Current (‘‘Woodpecker’’) Welding does 
not yield any combination of breaking load and in 
dentation which cannot be obtained under ordinary 
straight-timing conditions. It requires considerably 
mr currents and greater energy consumption per weld 

1%. Dwell Time. Variation from 0.5 to 16.5 seconds 
dwell after the welding time has no appreciable effect 
on the breaking load. 

13. The Diameter of the Heat Band or ring of temper 
colors surrounding*a spot weld may be used to calculate 
the approximate breaking load of the weld provided the 
welding conditions are known. 


Saved—850,000 Lbs of Tin 


ORE than 850,000 Ib. of tin have been saved 

by the General Electric Co. in the 23 mo. since 

Pearl Harbor as a result of changes adopted 

by the company in its solders and babbitt alloys. Cal- 

culated in terms of No. 2 food cans, tin plated both sides 

in accordance with today’s WPB regulations, this saving 

corresponds to the amount of tin on about 825,000,000 
such cans—cans enough to fill many a pantry. 

For general-purpose work a solder containing 20°; 
tin, 1.25% silver, 1.59% antimony and the balance lead 
may be employed. It can be used with non-corrosive 
fluxes such as rosin on aniline phosphate, on bare, pre 
tinned or cadmium-plated surfaces; a corrosive flux, 
such as the zinc chloride types, is used for bare steel and 
zinc-plated copper or steel. Rupture strength at ele 
vated temperatures is better than that of 40-50°, tin 
lead solder. This 20°), tin solder is the most popular 
solder in use today. It‘is being used in wire form, both 
solid and rosin-cored, for all types of electrical con 
nections which formerly were made with solders ranging 
from 40% tin, 60°7 lead to 60°, tin, 40°, lead. About 
the only change in technique required to use the lower 
tin solder is to use a hotter soldering iron since the 40°, 
tin solder melts at 455° F. and the 20°% tin solder at 
518° F. This new solder is also used in larger solder 
pots in place of 40° tin solder for soldering armatures 

A silver solder, containing 2.5°7 silver and the balance 
lead, and melting at 579° F. is used chiefly for applica 
tions requiring high rupture strength at elevated tem- 
perature. This solder does not flow and wet as readily 
as pure tin. It calls for a corrosive flux on bare surfaces, 
but rosin flux can be used on pretinned surfaces. It is 
used chiefly for soldering rotor binding bands 

Two compositions are being used for pretinning or 
dip-soldering in solder pots, but neither is recommended 
for soldering-iron work. One consists of 10°, tin and 
90°% lead, and melts at 567° F.: the other has 10%, 
tin, 1.5% silver and 88.5°7, lead. The second has some- 
what better spreading creep qualities. Zine chloride 
(corrosive) type flux is used, with subsequent washing 
to remove flux residue. 

A solder containing 30% tin, 2% antimony, 1.25°% 
silver and 66.75°7) lead is used for soldering wiped 
joints. While it handles well, it is more susceptible 
to porosity than a 40°) tin, 60% lead wiping solder 
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Effect of High Welding Current Intensity 
on Shrinkage 


NE of the most efficient and feasible megns of 
stepping up the rate of production in welding 
is by using stronger welding currents. The 
influence of high welding current upon the quality and 
strength of welded constructions already has been made 
the subject of several investigations:= Little, however, 


Fig. 1—Specimen Cooled in Running Water During Welding 
Fig. 3—Welding Details and Size of Specimens. Dimensions 
in Inches 


Method of Measuring the Shrinkage 


The magnitude of the longitudinal shrinkag 
determined by the subdivision method. A sp 
constructed deformeter} was employed to measur 
change in length between pairs of reference 
(0.078 in. diam; 0.39 in. apart) made along the b 


Fig. 2—Residual Stress Distribution in an Arc Butt Weld 
X = stress distribution pattern + A description of this deformeter is given in the book by Patt 


> bounov, Bershtein and Djevaltovsky, ‘Shrinkage Stresses in W 
\ = half width of shrinkage zone drical Vessels,” Kiev, 1936. 


is known about the amount of shrinkage 
which is promoted by such currents. 

The present investigation on arc butt welds 
endeavored to determine, for plates of various 
thickness, the amount of shrinkage which will 
be promoted by factors such as: welding speed, 
strength of current and size and coating of 
electrode. 

Specimens: The tests were carried out in 
three series on specimens Ag, Bg (0.24 in. 
thick) Ap, Bi (0.48 in. thick) and Ao3, Ba 
(0.91 in. thick). All specimens were pro- 
duced from steel plates, 30 in. long, 6.3 in. 
wide, arc V butt welded along the 30 in. 
dimension. Before welding, the plates were 
annealed by keeping them for 2 hrs. at red 
heat followed by cooling in the furnace. 

Specimens As, Ay and Ass were welded 
at low speed (weaker welding current) whereas 
Be, By and Brs—at high speed (stronger 
welding current) as shown in Table 1. Dur- 
ing welding, the plates were partly immersed 
in running cold water, Fig. 1, to increase the 
cooling rate of the weld. . 


*Abstracted from a booklet entitled, ‘““Vpliv Pidvistenich 
Sil Zvarnago Strumou na Zsidania,’’ by Acad. E. O. Patton 27 
and Ing. D. O. Bershtein, 9 pp. URSR Acad. of Science, Kiev —— 
1937. Abstracted by M. A. Cordovi, Research Assistant, Figs. 4, 5 and 6—Dimensions and Relative Shrinkage x, per thousand, o 
Welding Research Council 


t Dimshitz, V. E., Avtogennoe Delo, No. 3, 1936; Bull. of Specimens Aas and B,, (0.91 In. Thick) 
Inst. of Electric Welding, AN, URSR (1936). (See Table 1 for welding details.) 
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re 
¢ ~ the plate. After welding, the speci- 
eS 4 mens were cut into small pieces, Figs. 

3, 4, 7, 10 and the change in length 


fig. 70.2 (4) between marks welding 
TS and after cutting, divided by the 
"4 S_ 6.3 original length (/) gave the relative 
longitudinal shrinkage Y = 
125 
oa max. < 


Discussion of Results 


Fig. 8 
In Figs. 5, 6, 8, 9, 11 and 12 is rep- 


// 
/| 3° Ar2-4 resented the relative longitudinal 
e shrinkage x, determined for plates 
0.24, 0.48 and 0.91 in. thick. The 
magnitude of x for the left half of each 
\ o)1? specimen (measured from the center 
\ 2 E 9\ : 
line of the weld, see Fig. 2), is shown 
by crosses, and that for the half to 
the right of the weld, is shown by 
dots. A summary of the results ob- 
tained for all the specimenis is given in 


Table 2 


Be The tabulated results show that 
the ‘““B”’ specimens, which were welded 
at higher speed (stronger current) 

a A:2:8 ———+ shrunk about twice as much as the 

“A”’ specimens which were welded at 

lower speed (weaker welding current). 


age Was Figs. 7, 8 and 9—Dimensions and Relative Shrinkage x, per thousand, of ye ¢ 

special Specimens A, and B, (0.24 In. Thick) Phe halt width of the shrinkage zone 
usure the (See Table 1 for welding details.) (see Fig. 2) in all specimens appears to 
e mark be in the neighborhood of 1.8 to 2.8 
e base oj in., Figs..5, 6, 8, 9, 11 and 12. The 


influence which a stronger welding 


a current has on speed of welding and 
6 @ shrinkage is represented in the graphs 
eeu ° plotted in Fig. 13. The data used in 
A, ARAN rom the present and also Irom a 
Fou ry previous investigation on specimens 

~ “) 2, 10.79 hick 

A : 0.24, 0.48 and 0.79 1n. thick. 

~ 
Conclusions 
\% 
Fig. 11 
| Ai2 The results obtained in the present 
' research lead to the following conclu- 
— sions: 
1. The shrinkage force increases 
32) with higher welding speed, 
stronger welding current, larger 
4 
eee diameter of electrode, smaller 
number of layers deposited,§ and 
+ with slower speed of fusion of 

e electrode (the titanium coating 
was found to increase and the 
Baz coating to decrease the 

4 x ma =2. at 
%o04 speed of fusion of the elec- 

** 
2. The thicker the welded con- 
struction, the slighter will be 
om the shrinkage. 


Previous investigations by the 


authorst{ have shown that the higher 


or Figs. 10, 11 and 12—Dimensions and Relative Shrinkage x, per thousand, of shrinkage stresses by stronger welding 
- Specimens A;, and By, (0.48 In. Thick) currents have no effect on the strength 
(See Table | for welding details.) of the base metal. 
1944 SHRINKAGE STRESSES 6l-s 
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tt The authors presumably are referring +, Bret 
publication entitled, ““Vpliv Zsidalnich 
Mitenist Zvarnich Konstrukzi,’ 133 pp.—Ukrainix 
Academy of Sciences, Kiev 1937. An abstract of +. 
research is in the files of the Welding Research Coyp,: 
29 West 39th Street, New York 18, N.Y. "= 
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Table 


Num- 
Fig- Electrode ber Current Speed 
Speci- ure Diameter of Intensity 
men No. Coating (In.) Beads (Amps 


11 Bae 0.12 100 Da 
Ti 0.19 200 ”) 1) Da 
Bay 0.16 ‘ 150 15 “ 
Ti 32 280) 


Relative Shrinkage (°/o0) 


8 


4 Ag: Ba» ) 150 | De 
2 Ti 3: 280 79 De 
100 200 300 


Curren? Iniensity (amps) 


' Fig. 13—Effect of Increasing Current Intensity on Relative < 


| Shrinkage of Specimens 0.24 in., 0.48 in. and 0.91 in. thick - 


Ratio D 
Xp Max Che: D 
Notes by Abstracter. Xa Max 
§ R. Malisius also has shown that deposition of a bead 
of a given cross section in several layers results in a 
slighter shrinking force than in a single layer. For Aw 1. 74 
example, the author found a 0.09-in. deformation with a 12 2.45 
layer 0.043 in.” in cross-section as compared to 0.05 in. 
with two beads of 0.021 in.? each. c.f. Mitteilungen der 
Forschungs Anstalt GHH-—-Konzern 8 (1940), Heft 1/2. 
** The shrinkage force increases with the electric * Relative Shrinkage 
energy required to fuse a given volume of a given t See Fig. 2 
electrode. 
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German-English Dictionary of Welding Terms 


Compiled by M. A. Cordovi, Research Assistant, Welding Research Council. 


SOURCES: Fachausdriicke der Schweisstechnik-VDI Verlag, GMBH-Berlin NW 7; Glossary of Technical 
Terms—The British Aluminum Company, Limited, London; Journal de la Soudure, No. 8, pp. 3-26, 
Several Standard and Scientific German-English Dictionaries 


A anlassen, to temper Aussenlunker, surface defect 

Abdnderung, transformation Anlasshartung, artificial aging ausvauen, to vee groove 
Abbrennschweissung, flash welding Angriff, attack Autogengerat, gas welding apparatu 
Abfalle, scrap Apparategas, generator gas Azetylen (—sauerstoffschneidbrenner , 
Abgleiten, creep, slip Arcatom Schweissung, atomic hydrogen acetylene (oxy-acetylene cutting tor 
Abkiihlung, cooling welding 
Ablagerung, deposit Asbest (-—-handschuh) (—schiirze), ashes- B 
Abniitzung, wear, abrasion tos gloves) (apron) Band, strip 
Abreissen (des lightbogens), interruption atomar, atomic  & e Barren, Blocken, ingots 

(breaking of the arc Auflésung, decomposition, solubility Baustahl, structural steel 


abschmelzen, to melt off aufschweissen, to build up (by welding) 
Abschmelzschweissung, flash welding auftragschweissen, to build up (by weld- 
abschneiden, to separate (by cutting) ing 
abschragen, to bevel ausbrennen, to burn out, to cut out (by 
abschrecken, to quench autogenous method) 
Absonderung, segregation auseinanderlegen, to space apart 
Absperrhahn, cock Ausdehnung, expansion, elongation, 
Acetylenenflasche, acetylene cylinder stretching 
atzen, to etch, corrode Ausgangwerkstoff, original (base) metal 
Aetzversuch, corrosion test ausgliihen, to anneal 
Alterung, aging Ausgliihofen, annealing furnace 
Alterungshirtung, age hardening ausixen, to double vee groove 
Aluminiumthermische Schweissung, ther- auskreutzen, to vee groove 

mit weldiag ausschneiden, to cut out 


62-s WELDING RESEARCH SUPPLEMENT 


Beanspruchung, stressing, loading 

bearbeiten, to machine, to work 

Behandlung, treatment 

Beizen, pickling 

Beweglich, portable 

Biegung, bending, deflection 

blank gezogen, cold drawn 

Blasenbildung, formation of blow ho 

blasenfrei, non-porous 

Blech, sheet 

Blei, lead 

Bérdelschweissung, double flanged 
weld or square-edge joint 

Bogen, arc 
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Brenner, tor h, blow pipe 
Einzel, —-with non-variable head 
Heiz, preheating torch 
mundstiick (spitze), —-tip 
Wechselschweiss, variable head 
welding torch 
Brennschneiden, gas cutting 
Brennschnittspalt, kerf 
Brille, goggles 
Bruch, fracture, break 
Bruchdehnung, elongation on fracture 
Bruchdicke, throat 
Bruchlast, breaking load 


Cc 


Chrom, chromium 


D 


Dauerbiegung, fatigue bending 
Dauerfestigkeit, endurance limit 
Dauerschlagversuch, repeated impact test 
Dauerschweissbetrieb, continuous weld- 


ing 
Dauerstandfestigkeit, creep strength 
Dehnbarkeit, ductility 
Dehnung, elongation 
Draht, wire 
biirste, wire brush 
starke, diameter of wire 
Drehstrom, 3-phase current 
Druckbeanspruchung, compressive stress 
Druckfestigkeit, compression strength 
Diibelschweissung, slot welding 
Diise, tip (of torch), nozzle 
Durchbiegung, sag, deflection of a beam 
under load 
durchdringen, penetrate 
durchlaufende Naht, continuous weld 
Durchschlagspannung, breakdown volt- 


E 


eben, flat, flush 
Einbrand, penetration 
einfache Abschragung, single bevel 
eingeschweisstes Material, weld metal 
Einschluss, inclusion 
Einschniirung, necking, reduction of area 
einschrumpfen, to shrink 
eintauchen, to dip, to submerge 
Elastizitatsgrenze, elastic limit 
Elastizitatsmodul, modulus of elasticity 
Elektrode, electrode 

, Blanke, bare 

, Blechumhiillte, sheathed — 

, Getauchte, coated 

, Umwickelte, covered 
Elektroschweissung, electric welding 
“Ellira-Verfahren,” Unionmelt process 
entfetten, to de-grease 
Entmischung, coring, segregation 
Entwicklerbehalter, generator 
entziinden, to ignite 
erstarren, to solidify, to freeze 
erwarmen, to heat 
erzeugen, to generate 


F 
Fehlstelle, crack, blowhole 
Feinlunker, pinhole 
Feinmessdiagram, stress-strain diagram 
feuerfestes Material, refractory 
Feuerschweissung, forge welding 
Flamme, flame 
neutrale, neutral 
oxydierende, oxidizing — 
reduzierende, carbonizing 
Flammeneinstellung, flame adjustment 
Flammenriickschlag, flashback 
fliessen, to flow 
Fliessgrenze, yield point 
Flocken, flakes (fish eyes) 
Flusseisen, mild steel 
Flussmittel, flux 
Formanderung, deformation, distortion 
Frischmetall, virgin metal 
Fiillmasse (Fiillmaterial), filler 
Fuge, gap 
Fusionspunkt, point of fusion 
unke, spark 
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G 
Gasblase, gas pocket, blowhole 
Gasdruck, gas pressure 
Gasflasche, gas cylinder 
Gasmantel, gas envelope 
Gaspore, blowhole, pocket 
Gasschmelzschweissung, gas welding 
Gasschweissverfahren, gas weldmg 
Gefrierpunkt, freezing point 
Gefiige, structure, texture 
gegossen, cast 
gekérntes Metall, granulated metal 
Gleichstrom, direct current 
Gleiten, creep, slip 
gliihen, to anneal 
Groblunker, cavity 
Grundmaterial (-werkstoff), base metal 
Gusseisen, cast iron 


H 
Hahn, cock (on a torch) 
hammern, to peen, to hammer 
Hammerschweissung, forge welding 
Handschuhe, gloves 
Hiangeklemme, suspension clamp 
hartléten, to braze 
Harte, hardness 
Harteprobe, Hartepriifung, Harteversuch, 
hardness test 
heften, to tack 
Heftschweissung, tack weld 
Heizflamme, heating flame 
Hin-und-Herbiegeversuch, reversed bend- 
ing test 
Hohlkehle, fillet 


I-Barren, wire bar 
I-Stoss, square butt joint 
Innenlunker, blowhole 


K 
Kaltbruch, cold-shortness 
kaltgezogen, cold-drawn 
Kaltverarbeitung, cold working 
Kaltwalzen, cold rolling 
Kante, edge 
Kehlnaht (Kehlschweissnaht), fillet (fillet 
weld 
Kerb, notch 
Kerbschlagfestigkeit (Kerbschlagzihig- 
keit), notched bar impact strength 
Kern, core 
Knallgasflamme, oxyhydrogen flame 
Knickung, buckling 
Kohlelichtbogen, carbon arc 
Kohlenstoff, carbon 
Kopfschutzhaube, helmet 
Korn, grain 
verfeinerung, grain-refinement 
wachstum, grain growth 
Korrosionbestindigkeit, corrosion resist- 
ance 
Kraft, force 
Krater, crater 
Kriech, creep 
Kriechgeschwindigkeit, creep rate 
Kurve, curve 
Kupfer, copper 


L 
Lage, layer, pass 
Langsnaht, longitudinal seam 
Lasche, strap 
Last, Load 
Legierung, alloy 
Leiter, conductor 
Leitfahigkeit, conductivity 
Lightbogen, electric are 


spannung, voltage 
schweissung, —-are welding 
—schweissverfahren, —-are welding 


method 
liegende Nacht, horizontal weld 
Lochfrass, pitting 
Lochschweissung, slot weld, plug weld 
Lot, léten, solder, to solder 
Luftblase, air pocket 
Lunkerung, porosity 
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M 
Maschinenschweissung, automatic weld 
Maske, face shield 
Mangan, manganese 
Meissel, chisel 
Messing, brass 
Metallichtbogen, metallic ar 
Mischkammer, mixer, mixing chamber 
Mischung, mixture 
Miindung (des Brenners), torch orific: 
Mundstiick, tip (of torch) 


N 


Nachbarzone, heat-affected zone 
nackte Elektrode, bare electrode 
nadelférmig, acicular, needle-like 
Naht, seam 

Nahtschweissung, seam welding 
Nennweite, nominal diameter 
Neumetall, virgin metal 
nichteisen (N.E.), non-ferrous (N.! 
Niederdruck, low pressure 
Norm, standard 

normen, to standardize 
normalisieren, normalize 
Nutzlast, useful load 


Oo 

Oberflache, surfac: 
Oberflachenbehandlung, 

ment 
Ofen, furnace 
oxydierende Flamme, oxidizing flanx 
Oxydierung, oxidation 
Oxydschicht, oxide layer 


P 


surface treat- 


Perlit, pearlite 

Pilgerschrittschweissung, step-back weld 
ing 

Platte, plat: 

platzen, to crack 

Pore, pocket 

pressen, to extruc 

Presslufthammer, compressed air gun 

Pressschweissung, pressure welding 

Probe, test, sample, test piec 

Probestab, test piece, specim 

Pulver, powder 

punktférmige Anfressung, pitting 

Punktschweissung, spot welding 

Putzmittel, cleanser 


Q 


Quecksilbersadule, mercury column 
Querschnittsverminderung, reduction of 
area, necking 


R 


Rand (zu schweissen), edge (to be welded 
Raupe, bead 

Reissen, to crack 

Reisslinge, gage length 

Riss, crack 

Rohrschweissung, pipe welding 
Ronde, circle disk 

Réntgenanlagen, X-ray equipment 
Rostfreistahl, stainless steel 
Rotbruch, red shortness 

riicknallen, to backfire 

Riickschlag (der Flamme), flashback 
Riickstande, residue 

Rundnaht, circumferential seam 


Ss 
Sauerstoff, oxygen 
Scherfestigkeit, shear strength 
Schiene, rail 
Schlacke, slag 
Schlagfestigkeit, impact strength 
Schlamm, sludg: 
Schleifmittel, abrasiv« 
Schliff, micro-section 
Schlitzschweissung, slot weld 
Schmelzbad, poo! 
schmelzen, to melt, to fuse 
Schmelzgut, deposit 
Schmelzschweissung, fusion welding 
Schmelzzone, fusion zon 
Schmieden, forging 
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Schneidbrenner, cutting torch 
—mundstiick, cutting tip 
schneiden, to cut 
Schneiden, unter Wasser, under water 
cutting 
Schrignaht, circumferential weld 
Schrott, scrap pieces 
schrumpfen, to shrink 
Schrumpfspannung, shrinkage stress 
Schrumpfung, shrinkage 
Schutzanzug, protecting clothes 
Schutzbrille, goggles 
Schutzgasschweissung, shielded arc weld- 
ing. 
Schutzhaube, helmet 
Schweissanlage, welding equipment 
Schweissbrenner, welding torch, blowpipe 
Schweissbrille, welding goggles 
Schweissdraht, welding rod 
Schweissflamme, welding flame 
Schweissglut, welding heat 
Schweissgut, deposit 
Schweisslage, weld layer 
Schweissmittel, flux 
Schweissnaht, weld, seam, fillet 
Schweissnahtvolle, reinforced weld 
Schweisspaste, flux 
Schweissperle, globule 
Schweisspulver, flux 
Schweissraupe, weld bead 
Schweissspannung, arc voltage 
Schweissstab, welding rod 
Schweissumformer, welding set (genera- 
tor) 
Schweissunterlage, backing strip 
Schweissverbindung, welded joint 
Schweissvorrichtung, welding jig 
Schweisswerkstatt, welding shop 
Schweisszange, electrode holder 
schweissbar, weldable 
Schweissbarkeit, weldability 
Schweisse, weld 
schweissen, to weld 
Schweisser, welder, welding operator 
Schweissung, weld 
, von oben, flat weld 
—, senkrecht, vertical weld 
—, tiber Kopf, overhead weld 
Schweisswulst, reinforcement 
Schwindlunker, shrinkage cavity 
Schwindrisse, shrinkage cracks 
Schwindungsloch, shrinkage cavity 
Schwingung, vibration 
Schwingungsbeanspruchung, 
stress 
Seele, core 
Sicherheitsgrad, factor of safety 
Siedepunkt, boiling point 
Sonderstahl, alloy steel 
Spannbacke, contact jaw 
Spannung, stress, voltage 


alternating 


Spannungsfreigliihen, stress relief heat 
treatment 

Spritzen, to sputter 

Sprédigkeit, brittleness 

Stab, rod 

Stahl, steel 

Stahl, rostfreier, stainless steel 

Stange, bar 

stauchen, to upset 

stehende naht, vertical weld 

Stickstoff, nitrogen 

Stiftschraube, stud 

Stirnstoss, flange edge joint, front joint 

Stoss, joint 

stossnaht, butt joint 

Streckbarkeit, ductility 

Strecklinge, gage length 

Streckgrenze, yield point 

Strom, current 

Stromkreis, circuit 

Stromunterbrecher, contact breaker cut- 
out 

stumpf, butt 

Stumpfschweissung, butt (upset) welding 

Stumpfstoss, butt joint 


T 


Tauchelektrode, coated electrode 
thermische Behandlung, heat treatment 
Thermitschweissung, thermit welding 
T-Stoss, tee joint 


U 


Ubergangszone, heat-affected 
zone 

Uberkopfschweissung, overhead welding 

iiberlappte Schweissung, lap seam weld 

Ubeslappte Nacht, lap joint 

Ueberzug, coating 

Umformer, motor-generator 

umhiillte Elektrode, coated electrode 

ummantelte Elektrode, covered electrode 

umwickelte Elektrode, covered electrode 

undicht, unsound 

unterbrochene Schweissnaht, intermittent 
weld 

Unterwasserbrenner, under water cutting 
torch 

U-Stoss, single U joint 


Vv 


(refined) 


Ventil, valve 

Verbindung, joint 

Verbrennung, combustion 

Verdichtung, compression 
Verdrehungsversuch, torsion test 
Verformung, deformation, distortion 
Vergiitung, age hardening, heat treatment 
Verlust, loss 

Verschmelzung, fusion 

verschweissen, to weld 


WELDING RESEARCH SUPPLEMENT 


versetzen, to stagger 

verstemmen, to caulk 

Versuch, test, experiment 

verwerfen, sich—, to warp 

Verziehen, Verzug, distortion 

Verzunderung, scaling 

Vollstange, bar 

Vorbereitung, preparation 

vorwadrmen, to preheat 

V-Nacht, single V groove 

V-Nacht wurzelseitig nachgeschweisst, 
single V weld with root reinforcemen: 

V-Stoss, single V butt joint 


WwW 
Wand, Wandung, wall, thickness (, 
Wachsen, growth 
walzen, to roll, to peen 
Wirme, heat 
Warmequelle, heat source 
Warmespannung, thermal stress 
Warmebehandiung, heat treatment 
Warmevergiitung, artificial aging 
Warzenpunktschweissung, projection weld 
Wasser, water 
Wasserstoff, hydrogen 
Wechselbrenner, variable head torch 
Wechselstrom (see Drehstrom), alternat- 
ing current 
weicher Stahl, soft, mild steel 
Weissguss, white cast iron 
Wellblech, corrugated sheet 
Widerstandsschweissung, resistance weld. 
ing 
Winkeleisen, angle iron 
Winkelstoss, corner joint 
Wolframelektrode, tungsten electrode 
Wulst, reinforcement 
Wulstnaht, reinforced seam 


x 


X-Stoss, double V butt joint 
X-Stossnaht, double V groove 


Z 


Zahigkeit, toughness, tenacity 

Zange, electrode holder 

Zerreissdiagram, stress-strain diagram 

Zerreissversuch, tensile test 

Zickzackpunktschweissung, staggered spot 
welding 

ziehen (lichtbogen), to draw (an ar 

Zink, zinc 

Zugfestigkeit, tensile strength 

zurtickknallen, to backfire 

Zusammenziehung, contraction 

Zusatzmetall, filler metal 

Zusatzstab, filler rod 

Zweiwachs, piping 

Zwischengliihung, intermediate annealing 
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The designer is again cautioned that the sequence 
of welding on the reinforcements should be such that 
the added material will take its share of the load over 
the entire section of the added member. Usually this 
sequence is different for tension and compression mem- 
bers. Occasionally it is necessary to prestress a rein- 
forcing member so that the stress is equal to that carried 
by existing members. 


Gas Tanks and Piping 


The repairs of gas tanks and piping under load always 
represent several kinds of hazards of which the follow- 
ing are important. 


1. Danger of fire or explosion. 

2. The heat of welding may weaken a small section 
sufficiently that the internal pressure will 
cause rupture at the point and a rapid pro- 
gressive failure. 

3. Liquid contents may cause a sufficiently rapid 
chilling action as to bring about an undesirable 
metallurgical structure. 


The reader is referred to the main body of the review 
for ingenious methods and precautions. 


Recorded Failures 


Several recorded failures of reimforcing structures 
under load are given in the main body of the review. 
Briefly summarized these failures may be due to one 
or more of the following causes: 


1. 


The heat of welding weakened the existing struc- 
tural part so that it could not withstand the 
load on it. 

Shrinkage stresses due to cooling deposited 
weld metal may throw additional load on the 
existing members before reinforcing can take 
its load. Usually the design or sequence of 
welding can be altered to remedy this situation. 

Difficulty in getting good penetration to sound 
metal in corroded parts. 

Rigid assemblies through improper sequence 
of welding sometimes cause cracked welds 
in tacks. 

Reinforcements sometimes cause stress concen- 
trations or notch effects which result in fatigue 
failures. 

Welding reinforcements may transmit the load 
to existing parts or sections which were not 
originally designed to withstand such stresses 
and failure is inevitable. 
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Tests 


The limited number of tests which have been per- 
formed deal with four main aspects of reinforcing under 
load: 


1. Effectiveness of strengthening and the share of 
load taken by the reinforcement. 


2. Distortion and shrinkage effects of reinforcing 
a stressed member. 

3. Likelihood of failure during strepgthening or 
repair operations. 

4. Distribution of temperature-affected zones dur- 


ing welding. 
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The tests are divided here into field and la: 


tests and small laboratory tests. 


Test Results 


Actual tests to destruction indicate that the stresse: 
given for the strengthened and unstrengthened part; 
agree closely with the figures calculated on the bas, 
of the section moduli. Locked-up or residual stresgge: 
introduced by welding although high do not affect ser; 
ously the ultimate strength of the material. Straight 
ness of parts after welding is, of course, essential. 

It is regrettable that many of the investigator 
taking stress measurements did not fully understand th, 
phenomena involved For example, elastic stress an¢ 
plastic flow (distortions) are sometimes confuse 
Moreover some investigators have been partial 
deceived by adjustment under load where peak residuals 
through initial yielding of the material (plastic floy 
have been ironed out and thereafter the 
behaves on the basis of calculated strength. 

Distortion can be controlled by sequence and rat 
of welding. Great care must be exercised in welding 
compression members under load as heat of welding 
may so lessen effective area as to cause local buckling 
stress concentration and uneven distribution of th: 
final load. The shortening of some members due t 
welding reinforcements thereon may also cause un 
desirable redistribution of load unless controlled. Riveted 
constructions reinforced by welds do not result in 
a proper sharing of the load, the welded joint becaus 
of rigidity usually assuming a greater share. Som 
ingenuity has been indicated by some of the researches 
reported in bringing about a suitable sharing of th 
load between rivets and welds. Practical formulas 
and tables have been worked out based on limited 
test results. Usually the assumption of good desig: 
requires that the rivets continue to carry the dea 
load and the welds assume all or the greater part of th: 
live load. The exact distribution is always problem 
atical and the safest design would be for the welds t 
take the entire load. 


structure 


Appendix 


Influence of Elevated Temperatures on Structural Steel 


It is universally recognized by the various investi 
gators that during welding a small volume of metal 
becomes plastic and incapable of carrying any load 
Since, however, in structural reinforcing under load 
the unaffected cross section is most of the time suff 
ciently large, the problem of collapse during welding 
has not merited much attention. Numerous investi 
gators repeatedly point out that the reserve load 
carrying capacity, provided by the use of allowabli 
stresses, leaves sufficient margin to take care of a tem 
porary reduction of area. The problem of temperature 
affected zones has been considered more important 
from the point of view of locked-up shrinkage stresses 
which it involves. 

In general, the following steps have been taken 
to avoid excessive heating: 


Use of low currents and small diameter electrodes 
Allowing the welds to cool between successive passes. 
Intermittent welding in short lengths at the time 
Use of are welding only. 
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Reinforcing Structures Under Load 


Introduction 


HIS review has been undertaken to provide in- 
formation on the extent to which welding has 
been applied in reinforcing structures already 
For the purpose of this review structures 
are interpreted to mean large structures only, such as: 
bridges, viaducts, buildings and, to a certain extent, 
tanks and piping. Since such structures carry large 
loads, or pressures, it is important to realize the inherent 
problems in subjecting them to welding without re- 
lieving the load. 

The review covers only the reinforcing by welding 
mto a stressed member. A considerable number of 
investigations covering the cooperation of the reinforce- 
ment with the original member have, therefore, not 
been included, if the welding was done in an unstressed 
condition. 

In addition to tests this review includes a survey of 
the reinforcing projects reported in the literature, 
uid a perusal of this information will help form a clear 
picture of the problems encountered in practice. It 
is to be noted that the majority of work has been done 
in the years 1929-35 and it seems that during that 
time sufficiently reliable methods have been developed 
to accept certain procedures as standard. The ma- 
jority of the work reported has been in the field of 
bridges which is quite natural, since there the problem 
of strengthening and repair under load is of major in- 
terest. It is regrettable that the data given are often 
very meager. In the vast majority of cases the actual 
stresses in the members being reinforced are not avail- 
able. 

The number of failures reported were found to be 
very limited and, bearing in mind the natural reluctance 
to report such mishaps, it may be assumed that the work 
was predominantly successful. 

A section on temperature influence as it affects the 
properties of low-carbon steel, with reference to the 
high-temperature zones in welding, has been included. 
This was done in order to complete the picture of the 
extent to which the properties of the material are 
flected by welding and as a help to future research 
m the subject. 

It must be noted that a number of foreign periodicals 
have not been available since the outbreak of the war 
and consequently the review is not quite up to date 
in this respect. 


stressed. 


Load Relieving and Basic Methods 


Reinforcing and repair work fall into three main 
categories: (a) structures, the members of which are 
msufhicient to carry present-day loads and to which 
additional material has to be added to reduce stresses, 
0) structures, the members of which have to be re- 
placed or strengthened on account of deterioration or 
corrosion, (c) cases in which readjustment of existing 
members is required, as, for example, slack diagonals 
in a bridge. 

In the first two categories it is usually impractical to 
telieve the structure of its dead load stresses; hence, 
i the strengthening has to be done by welding, it 
lollows that welding is performed onto a stressed mem- 
ber. 

In general, it is advocated that the structure be 
relieved of its dead load before welding reinforcement.'!~* 
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The Specifications for Welded Highway and Railway 
Bridges of the AMERICAN WELDING Socrety (1941) 
recognize, however, that if the load relieving or pre- 
stressing of the new material is impractical the strength 
ening can be carried out. It is only required that 
the new material shall be proportioned for a unit stress 
equal to the allowable unit stress in the original member 
minus the dead load unit stress in the original member. 
The AMERICAN WELDING Society's rules for field 
welding of steel storage tanks® specify, however, that 
no repairs to tanks under liquid load or tanks under 
pressure should be attempted. 

Several authors agree that the advantages of rein- 
forcing by welding would be lost if the structure had 
to be supported by cumbersome falsework. The 
number of successful projects completed without load 
relieving bears out the fact that, in most cases, it is 
safe and feasible. 

The Committee on Iron and Steel Structures of the 
American Railway Engineering Association issued a 
report in 19374 summarizing the situation im regard to 
the repair and the strengthening of structures by weld- 
ing. Because of its importance and the good general 
survey it provides, part of this summary will be quoted 
here, as follows: 

“Cover plates may be added to girder flanges to in- 
crease the section modulus of the girder. If there is no 
traflic on a bridge, cover plates on the top flange should 
be successively narrower and those on the bottom flange 
successively wider to permit downhand welding. If 
traflic 1s to be maintained, usually it is cheaper to make 
the top cover plates of a deck girder wider and weld 
overhead. If the flange is wide, it may be necessary 
to place slot welds between the fillet welds. If there 
are rivets in the flange, holes large enough to contain 
the rivet heads should be punched in the plate. If 
the plate requires an intermediate weld, a fillet weld 
may be run around the perimeter of the hole, and the 
balance of the hole containing the rivet head may then 
be filled with plastic cement to protect it from corrosion. 

“The abrupt change of section at the end of a plate 
is a point of concentrated stress. This may be lessened 
by tapering the plate, ending with a curve. Plates 
should be clainped tightly to the flange while the weld 
is being made, and both edges should be welded simul- 
taneously in short stretches. 

“Flange rivets, splice plate rivets and beam connection 
rivets may be reinforced by fillet welds along the edges 
of the plate or angle. Beam connections may be rein- 
forced by adding shelf angles or brackets, if clearance 
allows. 

“Girder webs may be reinforced by butt-welding plates 
between the flanges and fillet welding to the web. Special 
care is required in planning a sequence of welding that 
will minimize distortion Slot welds may be required. 

“Chord and web members may be reinforced by adding 
web plates or cover plates. Pairs of tension members 
may be made to resist compression by welding dia- 
phragms between them, or connecting them by battens 
or lacing bars.”’ 

The report further states that in most cases it is not 
necessary to provide temporary supports for the track 
or structure, or to relieve the member of dead load 
stress. Loading tests have shown by strain-gage 
measurements that the added material takes its pro- 
portionate share of the live load. Below the yield point 
strain is proportional to stress. Therefore, both old 
and new metal are equally stressed by the live load. 
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Fig. 1—Examples of Truss Chord Strengthening, Bondy’ 
(b and A Are Bottom Chords; Others Top Chords) 


However, these are situations where it may be advisable 
to relieve the member from stress while making the 
weld. Tests on small specimens have shown (see section 
on tests) that under heavy direct tension or compression, 
a large weld, particularly if at right angles to the line of 
stress, may weaken the member so that it will fail, by 
stretching or buckling, while hot. Fillet welds trans- 
verse to the line of stress may decrease the fatigue 
resistance. At the temperature of fusion the metal 
is molten. The saving characteristic of electric arc 
fusion is that the area affected at one time is small 
and the effect is for a few seconds only (see section on 
temperature). Gas welding does not have these favor- 
able characteristics and the summary recommends that 
it should not be used for welding members under stress. 

When reinforcing columns by welding cover plates 
to flanges, Fish* advocates that the welds should be 
continuous from top to bottom far enough to develop 
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Fig. 2—Examples of Lattice Members Strengthening, Bondy’ 


WELDING RESEARCH SUPPLEMENT 


the total plate stress, and the remaining welds shoy 

be intermittent. Clear distance between welds sho 

not exceed 16 times the thickness of the plate or colym, 
flange. The thickness of the plate should not be Jc 
than '/39 of its width. If the plates are welded ont, 

member under dead load, they will, according to Fig 
take less unit stress than the column shaft at all Joaq 
within the yield point of the shaft. This is considere, 
safe if the maximum unit stress in the shaft is not ove. 
one-third more than the average unit stress of thy 
combined section. 

It is recommended® in reinforcing tension member 
that the center part be fastened first and subsequenth 
welded in both directions toward the ends. In welding 
on compression members the ends should be fixed firs; 
the welding being carried out in opposite directions 
toward the center. 

Kommerell* considers it inadvisable to stress further 
existing tensile members by welding strengthening ek 


ments to them, unless the new part is connected als 
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Fig. 3—I-Beam Strengthening, Bondy’ 


to the joint, or to the gusset plate in case of a bridge 
This procedure eliminates cross welding in such places 
where it may cause fatigue failure because of a notching 
effect. 

Bondy’ gives examples of typical methods of strength 
ening bridge members by welding. Figure 1 shows ex 
amples of truss chord strengthening and Fig. 2 illustrat 
methods of reinforcing lattice members. Figure 
shows a typical case of a strengthened wide flange I-beam 
girder. It is to be noted that in this arrangement al 
welds may be made conveniently without requiring 
overhead welding. In connection with the latter typ 
of strengthening, Bryla*‘ notes that new strips cul 
to the necessary section should be added in such a wa) 
that there is no change (or at least as little change 4 
possible) in the center of gravity. 

Nearly all the methods iliustrated by Bondy have 
been used satisfactorily in practice and will be reterrec 
to subsequently as typical. Whenever available th 
dimensions of the reinforcing and original members 
will be given. 

Figure 4 shows a method of reinforcement by welding 
of a complete bridge panel in which a number oi the 
previously mentioned methods of strengthening rt 
clearly visible. 

A different type of strengthening is described }) 
Fauconnier™ in which a new shop-assembled arch trame- 
work was prepared and fastened to the existing bridge 
by welding. 
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Review of Bridge Reinforcements 


This section includes only those references whose 
contents contribute to the subject of welding under load. 
“Attention is called to a previous review of literature 
n bridge welding by Frankland"! which has appeared 
in the AMERICAN WELDING SoclETY JOURNAL and 
covers the years 1926-34. 


United States 


Roof!? and McKibben and others report the 
strengthening of the Chicago Great Western Railroad 
bridge at Leavenworth, Kan. It is claimed that this 
was the first welded bridge reinforcement on a large 
scale in the United States. The bridge consisted of 
two 330-ft. pin-connected fixed spans and a 440-ft. 
swing span. The bridge material was wrought iron. 
In the fixed spans the top chords were reinforced by 
plates '/2 x 20 in. applied with °/,-in. fillet welds on 
the top cover plates and end posts. The width of the 
plates was such as to fit between the lines of the rivets, 
the length fitting between the lateral plates at panel 
points (Fig. 1 (c)asatype). In addition, a 10- x °/,-in. 
cover plate for the top flange and a 14- x */s-in. cover 
olate for the bottom flanges of the stringers were all 
secured in place by welding along the edges. 

Continuous welds were made at the ends and sides 
f the new plates, supplemented by plug welding along 
the center line trough '/,.-in. reamed holes spaced 12 in. 
part. The bead of the welding '/, in. wide, was fused 
leeply into the original plate and the new plate, and 
after the central plug welding, the holes were filled with 
welding material. 

To ensure that the new material would be subjected 
to live load stresses, the plates were welded at each end 
first. The reports claim that this proved effective. 
Otherwise, in the case of the plates on compression chords 
it flanges, the shortening of the members under live load 
aused the plates on which welding had not be completed 
to buckle within the limits of the unattached portion. 
No reference is made to tension members. 

Woodruff" describes the repairs to a bridge at Bound 
Brook, N. J., consisting of two pony trusses each 86 
ft. long. The difficulty of repair during trolley opera- 
tion was overcome by keeping the existing latticed 
hannels in place and inserting the new steel inside of 
them (Fig. 2f for type), cutting only enough of the 
lacing to permit entry of the new members. These 
were welded to the existing gusset plates. It is interest- 
ing to note that all new members were designed to carry 
the entire load. In order to relieve as much load as 
possible from the structure, the bridge was ingeniously 
jacked up during welding. Thus, the repair in this 
‘ase Was carried out with the members not fully stressed. 

Meckley" reports the strengthening of a viaduct 
in Allentown, Pa., where all reinforcing material was 
ittached to the original truss by tack welding alone. 

Repair of a corroded end post web of a highway bridge 
in Pennsylvania was performed’ by placing a short 
reiniorcing plate inside of the post and welding to the 
hannel. The illustrations of some of these reinforce- 
ments in Fig. 5 show the general method employed 
is well as the size of fillets and columns. 

_An interesting application of welding is that of the 
New York Central Railroad’s overhead highway bridge 
in the Bronx. In this structure, Fig. 6, badly corroded 
wer flange plates were removed, a few at a time; 
the old steel was cleaned and old exposed rivet shanks 
upped off; then new flange plates were welded in 
place of the old ones without appreciably disturbing 
the concrete arches in contact with the girders except 
when it was necessary to provide places for clamps. 
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Fig. 4—Typical Bridge Panel Reinforcement, Goelzer’® 


But as the dead load stresses in the bottom flange were 
large (unspecified) it was necessary, in applying the new 
plates, to give them an initial dead load stress compar- 
able to that in the bottom flange angles from which the 
corroded plates were removed and to which the new 
plates were welded. 

The transfer of stress was accomplished by first 
clamping the new plate to the old angles; then, with 
two welders operating, a 30-in. continuous fillet was 
deposited on each side at one end of the new plate to 
weld it to the angles. With the plate clamped in posi- 
tion and thus welded at one end, it was heated with 
torches until its length was increased by a predetermined 
calculated amount. While subject to this heat, the free 
end of this plate was welded likewise with two 30-in. 
continuous welds, after which intermittent welds were 
placed at 3-in. intervals on each side. The cooling 
and consequent shortening of the plate transferred 
some dead load stress from the old angles to the new 
plate. Strain-gage readings on several plates indicated 
that the stress induced in the plates agreed with that 
desired. 
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Welded Reinforcements on Columns 
Walnut St. Bridge, Schuykill River 
Philadelphia, Penna. 
Jan 1931 
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Repair of Corroded End Post Web 


Fig. 5—Reinforcing a Channel Web of a Truss End Post, McKibben" 


This process of heating need be applied only'* where 
the unit dead load stress constitutes a large percentage 
of the combined dead and live load stresses. The 
computations required in this patented process are 
indicated on Fig. 6. Melick'’ states in his paper that 
no preheating of plates should be permitted. 

McKibben’? recommends use of continuous welds 
to prevent water from entering into inaccessible places 
and causing corrosion. This view is shared by Ellis'® 
and Melick.'’ 

Leake,” ‘whose method of prestressing was described 
above by McKibben, has also developed a way of re- 


Old cover 114 x} 
Old L's 2-5"x each flange 


‘wis 


pairing and strengthening weak or corroded joints 
in pin-connected bridge eyebars while building up 
additional bearing on pins without the use of falsework 
He gives, however, no data of the stresses in the evebars 
and no dimensions of cross sections affected by welding 
heat. Leake also points out that where there is consid 
erable dead load on structures, the new material shou! 
be added in such a way that it will take its proportionat: 
share of the combined live and dead loads. 
accomplished by prestressing. 

Ellis'* in reporting the repairs of small bridges in 
Chester County, Pa., shows methods of reinforcing 
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Concrete 


New York Central Railroad 
Under Brook Ave.- Boro.of Bronx 
Between E.157th and E.159th Streets 


>) L 
t____ Concrete along edges of L's 
removed and replaced with’ 
1-2 cement mortar after 
welding 
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Fig. 6—Replacing Lower Flange Plates by Welding, McKibben'® 
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compre ssion members of trusses. , Most of these mem. 
bers were composed of angles riveted back to back. 
fhe strengthening was done by welding on reinforce- 
ments in such a way that the weld ran along the single 
leg of one of the angles only. 

Melick"? in his review of bridge reinforcing work 
carried out by the state of Michigan recommends use 
of '/,in. welds. Before applying continuous welds the 
strengthening plates ought to be tack welded (2-2'/, 
in. long; 12-18 in. apart). Only coated electrodes 
should be used. Welding equipment used should 
yrovide at least 300 amp. current. 

Melick considers compression members of trusses as 
the easiest ones to repair or reinforce. Most compres- 
sion members in his work consisted of two channels, 
or two channels and a cover plate. All stress is trans- 
mitted at panel points through the webs. The best 
strengthening consists of a plate fillet welded its full 
length inside the flange (Fig. 17 for type). The ends 
of plates should also be sealed against moisture, which 
involves welding across a_ stressed member. For 
strengthening tension members Melick advocates re- 
lieving the member of load. 

Davis” describes strengthening of badly corroded 
stringers of an old bridge in Cleveland, Ohio. Sound 
metal was exposed by chipping away corroded portions 
after which steel plates were inserted between the 
stringers, welded in place and the openings filled with 
weld metal. In addition, smoke plates were welded on 
top and bottom of the repaired stringers to prevent 
further corrosion. Unfortunately, no dimensions are 
given in this case of welding on a highly stressed bridge 
member. 

Landis*' reports the strengthening of a viaduct at 
Conneaut, Ohio, in two ways: 

|. By auxilliary bracing around the towers to 

shorten the unsupported length of columns. 

2. By increasing the column sections. 

The added transverse bracing consisted of two angles 
5x 5 x 9/s in. welded to the columns and to the old 
diagonal bracing. The 3- x */s-in. welds were laid 
across the surface while the diagonals (no dimensions 
given) were under stress. 

The original column section consisted of four Z-bars 
6 x */s in. and one web plate 8 x */s in. giving a gross 
sectional area of 21.36 in. square. By welding addi- 
tional angles the section was increased to 39.84 inch 
square. The angles themselves were welded to form a 
channel section. To avoid local overheating the 
welder ran a bead 6 in. long in the center, connecting 
the angles together, then made a similar pass at one 
ot the fillet welds connecting the angle heel to the column 
leg. After completing a 6-in. bead the welder moved 
over to the other fillet weld. Thus, an attempt was 
made to allow each weld to cool before proceeding too far. 
_A private communication from A. S. Albright of 
The Detroit Edison Co. describes a recent reinforce- 
ment of a riveted crane bridge in the company’s Marys- 
ville plant. The bridge consisted of two girders on 74- 
it. spans and was strengthened to increase its name 
plate rating from 100 to 125 tons. During the work 
the carriage was not raised but was moved to one end 
ol the bridge. The additional plates, of °/s in. thick- 
ness, were 14 in. wide on the top of the bridge girders 
and 15 in. wide on the bottom of the girders. These 
dimensions allowed welding within the rivet rows. 
Overhead welding was used on the lower part of the 
girders. 

An interesting procedure was introduced since the 
reinlorcing plates had to be butt welded in the center. 
On the top cover plate the butt weld was made and 
cooled, before the welding of the reinforcing plates 
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to the girder, so that the butt-weld shrinkage would not 
affect the loading of the compression part of the girder. 
In reinforcing the bottom cover plate, however, the 
butt weld was made after the welding of the reinforcing 
plates to the cover plate, so as to utilize the weld shrink 
age in transferring part of the tensile stress from the 


cover plate into the reinforcement. Welds were skipped 
so that the plate did not become too hot for the bare 
hand. 


Great Britain and the British Empire 


Bruff** ** also reported in reference 24, describes 
strengthening of plate girder bridge spans on the London 
North Eastern Railway in England. Cover plates 
were added over 16-in. wide flanges of 2-ft. deep main 
girders. The reinforcing plates had 1'/»-in. holes drilled 
in them in order to house the rivet heads of the old 
girder. On top of these a second set of plates was 
welded (Fig. ld as a type). In addition, floor troughs 
were strengthened by welding plate strips to the tops 
and bottoms of the troughs. The difficulty of avoiding 
protruding rivets was overcome by first welding two 
*/,in. square bars between the rivets, then welding 
8- x 7/s-in. plates on to the bars. The welds were de 
posited in 6-in. lengths—the first on one side at the 
end of the trough, the second at the other end diagonally 
opposite the first, the third opposite the first and the 
fourth opposite the second. This rotation was 
tinued until the plate was welded all around. 

Ellson and Miller** report a number of reinforcements 
carried qyt by welding on British railroad bridges, but 
they do not include enough data and dimensions to be 
of use here. In general, the work described was carried 
out in a conventional way and included: 


con 


Strengthening of girders by adding web plates. 

Welding plates to the top of girder flanges 

Welding strips inside the main girder flanges. 

Reinforcing crossing diagonals by the aid of plates. 

Welding new continuous diaphragms between panel 
diagonals. 


Considerable pioneering work has been done on welded 
bridge repairs in Australia.” * The first large applica- 
tion was at the Echuca Bridge in 1925. This bridge 
was a wrought iron structure on cast-iron pillars. The 
entire structure, designed for 62-ton locomotives, was 
strengthened for 118-ton locomotives, and a cantilever 
footway was welded to the girders at one side of the 
roadway. Stringer end connections were welded to 
relieve overstressed rivets. Flange angles and web 
splice plates of cross girders and main girders were 
welded to webs where necessary, and new flange ma 
terial was added. Lateral bracing was stiffened by steel 
flats, and cracks in the cast-iron pier cylinders were 
either welded up or prevented from extending by 
steel bands placed around the cylinders and butt welded. 

In the reconstruction of Hawthorne Bridge*® wrought 
iron girders were strengthened by the addition of new 
angles, 6 x 6 x */, in., and flats 2'/. x */s in. and 6 x | 
in., to the chord members and by the welding of the 
ends of web members to the chords. The chord thick- 
ness appears from the drawings to have been °/, in. 
Continuous */,-in. fillet welds were used. 

In India*’ a very large number of railroad plate 
girder spans were found to be weak, and some hundreds 
of these girders were strengthened by increasing the 
vertical legs of the flange angles. Flats were riveted 
onto the webs with the edges beveled and kept about 
'/, in. away from the toes of the angles. These flats 
were then welded to the angles, thus virtually converting 
the 4-in. legs of the angles into 7-in. legs, with the 
resultant reduction in rivet shear and bending stresses. 
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Fig. 7—Arrangement of Strengthening for Longitudinal Beams 
(Right) and Cross Ties (Left), Fauconnier!® (Dimensions in 
Millimeters) 


On other plate girders, where the web plates themselves 
were overstressed, new plates were fitted between the 
angles and welded all around. The webs of some 80-ft. 
long plate girders were strengthened by flat plate 
diagonal stiffeners. Since the webs were already 
buckled up to */s in. the edges of the flats were shaped 
to templates and by judicious application of the welds 
the web plates were ‘‘drawn’”’ and the extent of buckling 
considerably reduced. 

In the strengthening of eleven 150-ft. spans of the 
Pennar Bridge in India** the principal members rein- 
forced were the lower main chords, the diagonals, some 
of which were subjected to the reversal of stress, and 
the verticals, which were very slender (original //r = 196, 
reduced to 120 by adding two channels to the original 
section). The lower chords were strengthened by 
adding two 6- x '/s-in. plates on either side of the original 
flange. The girders were jacked up at the panel points 
to relieve the lower main chord of dead load stress 
while welding was in progress Before the welding was 
begun an initial stress of approximately 2240 psi. was 
introduced in the new plates (method unspecified) since 


they were of modern steel and capable of withstanding 


a higher stress than the original girders. The ends of 
the side plates were then welded to fillers which were 
previously welded to the flange of the girder and inter- 
mediate welds put in at 3-ft. centers. It appears that 
in this work the main member was relieved of stress 
but the reinforcing plates were stressed during welding. 
The diagonals were stiffened by the insertion of four 
angles previously welded to form a box section, and this 
was tack welded to the diagonals. In order to use 
all the material fully, tapered gussets were riveted and 
welded to the original gussets so that the end section at 
the connection was brought up to the strength of the 
full gross area of the member. 


France 


Most of the early reinforcing work in France, starting 
about 1923, was done after relieving the members from 
stress by means of suitable supports.” Some work was 
done using concrete in which reinforcing bars were 
welded to the existing structures. The majority of 
work described in the literature involves a few large 
bridges. Figure 4 shows one type of the kind of rein- 
forcement favored in France. The panel shown is from 
a swing bridge at Brest. 

Probably the most important bridge reinforcing 
work on a large scale carried out recently has been 
reported in detail by Fauconnier” and was on the 
Austerlitz Bridge in Paris (458 ft. single span). Besides 
adding a shop-assembled framework, the working 
section of all weak members in the structure was in- 
creased up to 60% by means of plates and profiles 
fastened by arc welding. The lower and upper arch 
members were reinforced by adding rectangular bars 
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measuring from 2.8 x 4 to 2.8 x 5.5 in., arranged between 
the rivet rows and welded on edge (Fig. If for type), 
These bars averaged 19.5 ft. in length and it was neces 
sary to forge and machine them exactly to the arc 
curvature by means of templates. In addition, th 
arch flanges were ground to ensure perfect contact, the 
tolerance allowed being 0.020 in. The arch latticg 
work including the uprights and the diagonals, was 
strengthened by means of tees, 4.7 x 4.7 x 0.51 jp. 
The longitudinal beams and cross ties were strengthened 
by adding flanges on their lower portions (0.79 x 0.39 
in. for longitudinal beams and 1.58 x 1.58 in. for crogs 
ties) and by welding their top portion to the floor plates 
the latter being made to act as flanges, Fig. 7. Welds 
of 0.55 in. were used reduced to 0.2-in. opposite flange 
rivets. 


Other Countries 


Surprisingly little literature has been found on the 
reinforcing of old bridges in Germany in spite of many 
tests carried out with this end in view. Koehlér and 
Olms*” describe strengthening of a railroad bridge jy 
Regenwalde. Diagonals, main chords and gusset joints 
were reinforced in a conventional manner. No details 
of the work are included. Kommerell* shows good 
photographs, Figs. 8 and 9, of diagonal tension members 
consisting of two flat irons in an old riveted bridge 
which were strengthened and made more rigid by weld 
ing. Holes were cut into the reinforcing member before 
welding in order to reduce weight. 

Robin*! reports strengthening of three bridges in 
Belgium during which some of the more unusual methods 
of attaching reinforcement were used. Channels and 
angles were used to clear the rivets as shown in Fig 
le and lg. Angles were also employed to shield 
corroded parts and were attached in a similar manner 
as the example in Fig. 2a. Gussets were reinforced 
by welding additional plates extending further out 
In reinforcing diagonals new webs were welded in be 
tween original plate members (Fig. 2f as a type). 

Nikolaieff*? reports that in the U.S.S.R._ welding 
was applied to strengthen several old bridges. Some 
of these bridges were made of wrought iron. The 
following members were strengthened: stringers and 
floor beams, riveted connections, compressed diagonals 
and braces between the main trusses. 

Bryla‘ describes the strengthening of a truss in Poland 
by adding channels to the upper chords. The reinforce- 
ment of an oil tower and building girders was also de- 
scribed. 


Reinforcement and Repair of Structures Other 
Than Bridges 


Buildings 


Davis* described the addition of four stories on top 
of the Rose Building in Cleveland, Ohio, part of which 
was originally only six stories high. The old columns 
were not designed to carry additional load. To stiffen 
the columns and give them greater load-bearing ca 
pacity, sections in the shape of a cross, made up of angles, 
were inserted in the hollow centers of the existing 
The new steel was then joined to the old 
at 5-ft. intervals by plates welded to the legs of the 
angles and to the legs of the old tees. There is 10 
reference to shoring being used and apparently the 
columns were carrying full load during welding. Figures 
10 and 11 show the plan and the details of a colum® 
reinforced in this manner. 

In addition, new beams were cut to size and butt 
welded to the existing beams as shown in Fig. 12. Figure 
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Fig. 9—Bridge Diagonals Af- 


Fig. 8 Bridge Diagonals Be- 
ter Reinforcing, Kommerell’ 


fore Reinforcing, Kommerell* 


13 shows arc-welded connections where new beams were 
inserted to relieve an old beam of additional load. The 
beams which carried the roof of the six-story section of 
the building were not sufficient to carry the seventh 
floor. To give them the necessary strength track rails 
were welded to the top flange of the existing beams as 
shown in Fig. 14. A similar method of reinforcing 
I-beams is also frequently reported used for floor beams 
of bridges. 
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Fig. 11—Details of Welded Connection of Tie Plates to Column 
Reinforcement, Davis** 


During the erection of a nine-story addition to a 
building in Indianapolis (Cook*), the exterior wall 
columns of the existing building were strengthened to 
bear the additional floor loading of the bays adjacent 
to the addition. In strengthening the existing exterior 
wall columns, steel plates were arc welded across the 
flanges of the H-columns, extending from the basement 
to the top floor. These plates were 14 in. wide and 2'/s 
in. thick at the basement level and were graduated on 
the way up until 10 x 1'/, in. at the top floor. Fillet 
welds were used, each weld being 3 in. long and spaced 
in. away from the adjacent welds. As the fillets had 
to be */, in. thick, a number of passes were made in 
building up each weld. The electrode used was */;, 
in, diameter (current unspecified). 
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Fig. 12—Details of Welded Beam Connections, Davis** 


Fig. 13—Detail of Insertion of New Beam, Davis** 


During alterations of a London Underground Station 
(Clark**), it was necessary to lower thé height of a 
part of an existing main girder (SO in. high, 14-in. 
flange, */s-in. web). The only way to accomplish this 
was to weld a new flange at the floor level and after- 
ward to cut away the upper portion of the girder. The 
new flange plates were welded to the existing web of 
the girder at a level just below the new floor. The 
plates being in two halves, were attached one-half on 
each side. At the point where the girder was to be 
cut the web was reinforced by welding '/,- and */s-inch 
thick plates on it. The welding was done all around 
the plates with a continuous fillet bead. Before making 
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Fig. 14—Connection of Reinforcing Rail to I-Beam, Davis** 


73-8 


AY MEW METAL 
wi 

3. LLNCTH OF TOLE 

PRES 

: Ca 
ricloe 
sor 

— 

Re 
— 
Not 
mes. 
TIE PLS 

Fig. 10—Column Reinforcement, Davis** 

METAL 
| 
SECTION AA 

j 
| 


these fillet welds l-in. diameter plug 
welds were laid. The whole of the 
work was done while the girder was 


under load. Strengthening plale 


Gas Tanks and Piping 


Plumstead* refers to repairs to in- 
flated coal gas holders. No details are 
given. He states that welding repairs 
by the electric arc process are generally 
practical and safe if the tanks are con- 
structed of at least 10 gage steel. 
There is no danger of explosion owing 
to the absence of oxygen in the tank. 


The only danger that could arise would 
involve a parting of the gas holder 
plates over a large area, causing them 
to collapse and thereby admitting air 
which would produce an explosive mix- 
ture. For this reason the author advo- 
cates strengthening of extremely weak plates in a suit- 
able mechanical manner (unspecified, apparently not by 
welding). 

Reporting on repairs to high-pressure lines under 
load, Wilson*’ states that since the early part of 1932, 
the Pacific Gas and Electric Co. has used a vented 
patch shaped to cover various size leaks caused by 
ruptured welds and corrosion in piping carrying natural 
gas up to 500 psi. pressure. This patch, constructed of 
pipe metal is fitted with a gasket of a size to surround 
the leaking section. By means of a yoke, which saddles 
the patch, and cables which encircle the girth of the 
pipe, the patch is pulled firmly against the pipe, the 
gasket sealing the gas within the patch. The leaking 
gas is then passed through the vent of the patch, thence 
through a valve screwed onto the vent and on through 
a long pipe to a point of safety remote from the leak 
site. The patch is then tested with soap suds, and if 
tight, is arc welded to the pipe. After the patch is 
sufficiently tacked the yoke is removed to permit weld- 
ing completely around the patch. When completely 
welded the valve is closed and the remote piping re- 
moved. Relative to the danger of penetration during 
welding, the lack of hazard has been shown by tests (see 
section on tests). Hundreds of arc welds on lines 
under pressure varying from 150 to 500 psi. have been 
performed and there was never an indication of piercing 
the pipe walls. Wilson, however, does not recommend 
welding over corroded places unless it is certain that 
sufficient thickness remains. The question concerning 
the possibility of the weld rupture opening farther is 
problematical. Only minor ruptures that are appar- 
ently caused by welding strains are repaired by this 
method. Wilson states that any heat transmitted 
by the repair weld to the pipe would tend to relieve 
any remaining strain rather than aggravate it. If the 
rupture opened more, the chances of ignition are remote 
and the welder is safeguarded against personal injury 
by protective apparel. On large ruptures or ones that 
indicate excessive strains, closing down the line is 
necessary. 


Recorded Failures and Suggested Methods of 
Prevention 
General 


‘ 

In general, the failures that have been recorded are 
attributed to various causes such as: shrinkage stresses, 
impact shock, fatigue or inexperienced operators, be- 
sides those cases in which the authors recognize that 
the initial stress in the welded member contributed to 
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Fig. 15—-Web Strengthening Before Failure, Bruff* 


failure. Inasmuch as all the instances quoted below 
pertain to structures which have been welded under 
load the reviewers feel justified in including all of them 
In some examples the actual failure has not occurred 
until some time after welding. In every case, however, 
knowledge of the design and circumstances will con 
tribute to a complete picture of the problem. Most 
authors, in their final analysis, include steps taken or 
suggested to prevent further occurrence of similar 
failures, and these are also reviewed, since they are 
considered of value. 


Girder Web Splices 


During the strengthening of the Echuca Bridge® 
difficulties were encountered in dealing with the web 
splices on the river span cross girders. A thin wrought 
iron plate had to be welded on both edges (web plate 
13 ft. x 18 in. x */, in.), the two lines of weld being 64 in. 
apart and the plate very much weakened by rivet holes. 
In addition, the laminations in the wrought iron plate 
ran along the line of rivet holes. Electrodes No. 5 were 
first tried, and it was found that the heat concentration 
because of this large electrode put additional stress 
on the plate. After being welded, two particularly 
weak splice plates failed down the line of rivet holes. 
It was found that by using two runs of No 10 electrodes 
and by reducing the heat to a minimum no further 
trouble occurred. The reduction of heat was accom- 
plished by laying a short length of weld on one splice, 
and then the weld was allowed to cool. 


Main Girder Webs 


A case of fracture occurring while the weld metal 
was laid is described by Bruff.** It occurred during the 
reconditioning of a large plate main girder of a wrouglt! 
iron bridge. It was necessary to place the new cross 
girders between the old ones. Since there were no web 
stiffeners at those points, provision had to be made ior 
proper distribution of end-fixing moments and shear 
from the cross-girder ends. For this reason a strengthen 
ing plate was welded to the outside of the web oi thie 
main girders, and a triangular gusset plate was welded 
onto it directly opposite the new cross-girder end, as 

- shown in Fig. 15. Because of corrosion the thickness 
of the webs of the main girders was reduced down to 
‘1/16 in. or even less. On welding the flat strengthening 
pieces to the main girder web plates, fractures developed 
in two instances, which traveled up the web plate at 
the same rate as the weld was laid. As the cracks 
formed while the weld metal was being deposited, 

Bruff assumes that the stress, caused by the contraction 
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Quiside view of fractures Jnside view of fractures Lattice Bridge Diagonals 


ach Bult weld Strengthening angle Frachwres. 
4 = +f aan In an unspecified case reported by Bondy” it was 


found that the strengthening of a diagonal in a lattice 
bridge actually resulted in weakening the structure. 
} The member in question consisted of two channel irons, 
each 9’/, in. deep, and an attempt was made to 
strengthen them by welding at 3°/3. x 1*'/sg in. flat 
, to the web of each. The penetration of the welds re- 
| duced the original section to such an extent that sub- 
sequently fracture occurred at the transition to the 
gusset plate. Bondy attributes this failure to fatigue 
and states that it occurred even though the welding 
was carried out in accordance with German rules DIN 
4100. The original riveted structure was designed with 


— a factor of safety of 1.5 against fatigue fracture as pre- 
scribed by DIN 1073 for mild steel ST 37. 
There are certain similarities between the above 
wit case and the failure reported by Kommerell.’. *' How- 
ever, the size of the reinforcing plates in the latter case 
Fig. 16—Details of Repaired Panel of Fractured Web, Brufi* was given by Schmuckler® as 35/3 x '/s in. which 
d below rules out the possibility that Bondy described the same 
d under failure. Flat bar iron reinforcing straps, welded on 
of them both sides of the webs of 9’/s-in. channels ended behind 
occurred of the weld metal plus the existing shear stress, brought the previously countersunk rivet of the original diagonal. 
sUWwever, the total stress up beyond the ultimate strength of the 
vill con web plate. The repairs to the cracked web were carried 
Most out by ‘‘veeing’’ out the fractures, butt welding them, r 
aken or and attaching extra web cover plates to the tee, angle 
sumilar stiffener and strengthening plate. The complete draw- ee 
hey are ing of the repairs and the original fractures is shown in 
Fig. 16. All subsequent repair work carried out by : 
Bruff included the provision of web strengthening | 
on plates which were welded to the adjoining main angles 
Bridge* and stiffeners before the cross-girder connection was 
he web attempted. 
wrought Bruff** also reports numerous fractures in another 
‘b plate instance where corroded webs of main girders had to ' 
ng 0 in. be reinforced by new plates. It was intended that the 
‘t “holes. welds should unite the strengthening plates with the : 
m plate toes of the tee and angle girder stiffeners as well as tt 
_ & were with the old web itself. Fractures, however, took place _ 
itration along the butt-welded seams of the vertical weld be- 
I stress tween the new web strengthening plate and the girder ‘ji 
icularly stiffeners. These fractured welds were cut out, and it | 
t holes. was found that, although there was good penetration 
ctrodes on the sides, that is between the new plate and the | 
further stiffeners, no penetration was obtained in the old web. oa 
accom- The gap between the strengthening plate and the - 
' Splice, stiffeners was specified as '/¢ in. but Bruff doubts 
whether this clearance was adhered to. It also ap- . Zs 
peared that the new plate had not been in contact with \ 
the web. Out of 48 welds 17 were found to be frac- ar. . 
metal tured. These were all cut out and in not one instance 
ing the had penetration with the web been secured. Subse- 
Trought quent practice was to make the gap at least '/i¢ in. 
W Cross and to put the same chamfer on the plates. Number 
no web 10 electrodes were used with a slightly higher amperage Fig. 17—Fractured Connection, Kommerell* 
ade for than normal. According to Bruff,* in the case of such 
shear a light run overheating is not likely to take place. “074 
igthen Welds have been tried with electrodes of gage numbers > pe — 
of the 4, 6,8, 10, 12 and it was found that no good penetration Pak ? 
welded in the corners of fillet welds had been obtained with ra ' 3 
nd, as the larger electrodes (Nos. 4 and 6). ~ 
ickness Ellson and Miller?‘ encountered difficulties when 
to adding new plates of the same thickness as the original 
hening web (*/s in.) in the bays of a girder. After the web w- > Ds 
eloped panels had been tack welded at all the four corners of a a 
late at plate, and then, when the remaining parts were welded, 7 —+ a 
cracks the corners in some instances developed cracks. This 
osited, was remedied by continuing the first run all around Fig. 18—Fracture Detail, Schmuckler‘? (Dimensions in Milli- ra 
action the plates before a second run was made. meters) 
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welds were cooling. These, however, coyj 
have been lessened by heating the member qyy. 
ing the process of welding. 


With reference to the notching action of the end filje 
welds N. W. Morgan, in a private communication 
states that during the examination of repair work on 
bridges he has noticed the tendency to undercyt at 
the ends of intermittent fillet welds where the crates 
is formed. Such undercutting increases the natyry| 
notching effect of the end fillet welds and should not 
be passed during inspection since it is not permitted in 
the specifications. 

Other diagonal struts of the same bridge were later 
strengthened by redesigning the connection as show, 
in Fig. 20. The original reinforcements were connected 
to the gusset plates by means of flat iron straps on edge 
B. After, however, the bridge was in service 4'/, yr. 

Fig. 19—Photograph of Fracture of Figs. 17 and 18, Kommerell*!. Nore cracks appeared on five struts located as indicated 
in Fig. 20. Kommerell states that notching action pro. 
duced these cracks, because at that point the forces of 


It was thought that the connection had been sufficiently ai 
strengthened by joining the end of the member and the [ 


angle irons to the gusset plate by fillet welds and by 
welding the projecting leg of the angle iron to the 
projecting flanges of the channel. Figures 17 and 18 
show the details of the connection and fracture. About 
9 mo. after the strengthening had been affected, the 
web of the channel broke just in front of the end fillet 
of the reinforcing plate. A photograph of the fracture 
is shown in Fig. 19. Kommerell* attributes the causes 
of this fracture to fatigue and lists them, as follows: 


(a) An accumulation of stresses in the broken cross 
section of the channel iron, because, according 
to this method of execution, the forces of the | ke 180- 
strengthening strap passed in the first place 
through the web the channel, which : ae Fig. 21--Fractured Butt Weld, Kommerell* (Dimensions 
already subjected to tension, instead of passing in Millimeters) 
immediately to the gusset plate. 


(6) The notching action of the end fillet weld, aggra- the projecting channel iron flange pass into the web. 
vated by the rivet hole weakening of the It might have been possible to avoid the damage, if 
channel iron situated in the same cross section. the reinforcement had been carried out in such a way 

(c) The high shrinkage stresses. As the member as not to convert the joint into a completey rigid one. 
was firmly riveted while welding proceeded, The remedy suggested by Kommerell and also by 
high shrinkage stresses occurred while the Schmuckler‘** is to connect the two channel sections 

by a web (Fig. 2f as a type), extended as far as the 
panel point. 


Lattice Bridge Verticals 


Two posts of a through truss bridge in Germany 
(Kommerell*) were strengthened by welding 7.1- x 
0.55-in. plates in order to increase the resistance to 
lateral deflection of the compression girders. As 
there was no possibility because of local conditions 
of making a thin fillet weld, the gap A, Fig. 21 (a) was 
simply welded over as shown in Fig. 21 (6). This weld 
cracked at one point. Since the reinforcement was 
joined to the gusset plate, shown shaded on Fig. 2! (@), 
the stresses set up passed directly from the plate to the 
gusset. Kommerell suggests that it was probably the 
notching action of the gap beneath the weld that caused 
the crack when subject to dynamic stressing. To pre 
vent recurrence of similar cracks it is suggested that 

_ the plate ends be beveled as shown in Fig. 21 (c). It 
should be noted that the main body of the vertical strut 
was under stress at the time of welding, although Kom- 
merell does not attach any significance to this fact. 
Reinforcement of similar members where there was 
more space for welding was executed without deiecc's 
as shown in Fig. 22. As will be seen from the side 

Fig. 20—Redesigned Connection of Fig. 17, Kommerell’ cross-sectional view, a narrow joint was laid across the 
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stressed member without any ill effects. It is not clear 
‘rom the original paper whether the reinforcing plate 
in Fig. 21 was already fastened at the sides when the 
crosswise bead was being deposited. 

Sahling** found about 3 ft. of cracks in over 100,000 
ft. of welds deposited in reinforcing a wrought iron 
bridge over the Elbe in Germany. Cracks appeared 
mainly in corner stiffening plates between vertical 
members and floor beams predominantly at short 
verticals near the end of the bridge. These stiffening 
plates were highly stressed when the floor deflected 
under the load. Cracks also occurred in the welds 
‘oining wind bracings to the lower main girder. Sahling 
states that the cause of the latter cracks is unknown. 
It has been suggested,** however, that the explanation 
may lie in the great difference in cross section between 
the stiffening plate and the main girder. Sahling found 
also that some small reinforced girders had arched 0.16 
in. in the middle after welding. The general observa- 
tions made by him recommend the avoidance of cross 
welds wherever possible. If these cannot be omitted, 
as in tension diagonals, they should consist of 0.12-in. 
caulk welds. 

Bridge Floors 

Hawley and Merrell*® observed some very severe 

buckling of a bridge floor due to heat shrinkage in 


pposition to the stresses in other members of the 
structure. 


Tests 


The limited number of tests which have been per- 
formed deal with four main aspects of reinforcing under 


load: 


|. Effectiveness of strengthening and the share of 

load taken by the reinforcement. 

Distortion and shrinkage effects of reinforcing a 
stressed member. 

Likelihood of failure during strengthening or 
repair operations. 

Distribution of temperature-affected zones during 
welding. 


rhe tests are divided here into field and large-scale 
tests and small laboratory tests. 


Field and Large-scale Tests 


Girders—A plate girder bridge consisting of two 
heavy girders No. 100 DIN, carrying the concrete 
decking of a 61-ft. span at Rue Voltaire in Geneva, 
has been tested by Biihler.“° Both of the girders had 
their bottom flanges strengthened by 10!/s- x */,-in. 
plates. The girders were measured for deformations 
at various places. It was revealed that the top flange, 
not directly influenced by welding, was stressed at 
live sections to about 1280 psi. (90 kg./cm.*) in tension. 
From this Bithler deduced that a disturbing force of 


Fig. 22—Alternate Connection to Fig. 21, Kommerell’ (Dimen- 
sions in Millimeters) 
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Zone af disturbance 


Fig. 23—-Stresses Set Up in a Reinforced Girder, Biihler** 


about 78,000 Ib. (35 tons) had been set up at each weld. 
This force was a consequence of the heat developed in 
carrying out the fillet weld and the subsequent shrink- 
age. The expansion measurements in the neighborhood 
of the welds revealed average compression stress of 
2280 psi. (160 kg./cem.*), Fig. 23. The author warned, 
however, that the measurements taken in the bottom 
flange might have fallen in the disturbed zone itself, 
in which case the compression stress may be too small. 
He pointed out that high locked-up stresses might 
cause premature breakdown of girders subjected to 
alternating stresses. 

Extensometer readings carried out on plate girder 
railway bridges with the top flange strengthened by arc 
welding are reported briefly by Bruff.*’ He observed that 
the maximum stress in the strengthened bridge, under 
a given load, might exceed that in the unstrengthened 
bridge. The remedy suggested is the adoption of a 
correct welding sequence. 

A riveted plate girder built up of an 1S- x 
plate with stiffeners, four angles 2'/) x 2'/) x ° 


s-in. web 
in. and 
a single top and bottom flange plate of 14 x */s in. was 
tested by Ellson.** He wanted to ascertain the effect 
of the additions by welding of plates to the flanges when 
the girder itself was loaded. The girder was tested 
on a span of 23 ft. 4 in. and loaded at two points from 
above by jacks spaced 40 in. away from each side of 
the girder center line. The girder was loaded with both 
jacks until a stress of 18,000 psi. in tension was induced 
in the bottom flange. This corresponded to a load of 
54,000 Ib. from both jacks. While the load was main 
tained, four additional flange plates 3'/. x °/s in. and 
11 ft. 4 in. long were added by welding, two each to the 
top and bottom flanges. Continuous fillet welds were 
used. After the strengthening plates were added the 
girder had to be loaded beyond 83,000 Ib. before there 
was any strain recorded. Finally, when the girder 
was loaded to 164,000 Ib., it began to fail. In this 
condition the tensile stress in the bottom flange was 
41,500 psi. which was near the yield stress of the ma- 
terial. The deflection was 2.17 in. of which on un 
loading 0.96 in. was found to be a permanent set. This 
test indicates that the strength of the material up to 
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Fig. 24—Stresses Before and After Strengthening of a Plate 
Girder Bridge, Bernhard” 


the yield point was not affected by welding under load. 
The stresses given for the strengthened and unstrength- 
ened girders agree closely with the figures calculated 
on the basis of the section modulus. 

Similar tests were carried out by Ellson** on a girder 
built up of 25- x '/,- in. web plate with two 6- x 4- x °/s-in. 
main angles and three 14- x 7/s-in. plates each to the 
top and bottom flanges. The web was stiffened by 6- x 
6- x '/.-in. angles spaced closely under jacks but pro- 
viding three clear panels of 17 x 36 in. The girder was 
tested on a span of 18 ft.8in. The test load was applied 
by four hydraulic rams spaced close together at the 
center. Before the welding of a '/4-in. thick additional 
web plate the girder was loaded to give a calculated 
shear stress in the old web of 11,200 psi., the observed 
diagonal stress under this load being 10,000 psi. This 
load was maintained during the welding and cooling 
of the new web panel to reproduce as far as possible 
the conditions of adding new plates to strengthen an 
old girder already carrying load. The welding induced 
tensile stresses throughout the new web in all directions, 
the greatest stress of 15,600 psi. being produced across 
the depth of the plate. Compressive stresses of 4500- 
9000 psi. were introduced in the old web plate. A 
similar experiment on the same girder with the welding 
done without initial load gave a maximum stress in 
the new web of 21,500 psi. across the depth but only 
2250 psi. in the old web plate. It should be noted that 
welding in this case was deposited in a different sequence 
than in the case of the loaded girder. 


Table 1 gives the comparative results of tests 4, 
destruction of the panel strengthened under 
of an identical unstrengthened panel. The a: 
given by the flanges is to be ignored. 

The tests show that the locked-up stresses introduced 
by welding do not seriously affect the ultimate strengt}, 
of the material. The strength of the web, doubles 
in thickness by adding a second plate, was increases 
about 80% over its original strength and thi 
indicate, according to Ellson, that more thickn 
shown by calculations ought to be added to allo 
the reduction of strength resulting from the effec 
welding 

Bernhard® tested a plate girder bridge in Walden 
burg-Altwasser. The bridge was made of two 
girders and carried railroad tracks over an unsupported 
span of 53 ft. The reinforcing plates were weld 
top of the girder flanges as shown in Fig ° re 
same figure shows also the stresses as recorded befor 
and after strengthening. No dimensions were giver 
The comparison of stresses shows that they are larger 
in the upper flange. This is attributed by Bernhar 
the shifting of the neutral axis of the beam toward 
lower flange. 

Trusses.—Truss lattice bridges in Switzerland mac 
of wrought iron and strengthened by welding wer 
also investigated by Biih'er® in order to find out h 
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the existing members of the structure were affected 


renct} 


Sections with 3-4 testing positions 


Fig. 25—Test Stations in a Reinforced Truss, Buhler‘ 


The location of test stations and the truss arrangement 
is shown in Fig. 25. Two sets of readings were taken 
one after welding and another 5 mo. later. The pur- 
pose of the latter test was to see whether an equalization 
of locked-up stresses took place after the structure ! 
been in use. It should be noted that extensometer 
were attached at each station to the original secti! 
and not to the strengthening pieces. The test results 
are given in Table 2. The stresses recorded in colums 
entitled “After Welding’ are those superimposed 0! 
the dead load stresses, since the extensometers wet 
attached when the truss was already subject to loa¢ 
The measurements indicate that as a consequerice | 
thermal stresses during welding and because 
statically indeterminate arrangement of the 
work, those bars were also stressed which were 10 
reinforced. 


Table 1. 


Yield Point 
Strength, Lb, 
280,000* 
152,000 


Ultimate 
Strength, Lb. 
292,000 
180,000 


Strengthened panel 
Unstrengthened panel 


* Top weld fillet cracked. 


Shear Stress, Psi. 


Ellson* 


Observed 
Diagonal Tensile Stress 
at Yield Point, ! 
Old Web 

25,700 


29,800 


Calculated 
Yield Point Ultimate Shear 
Stress, Psi. 
22,240 23,700 
24,500 28,500 
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Table 2 


Stress, Psi.* 


Truss Member Location on Fig. 7 After Welding 5 Mo. Later Remarks 
Top chord 0-I —670 —1610 ) 
Bottom chord 0-1 — 570 —1070 | 
Tie bar 0-1 +1200 +1900 : 
II-3 +3150 +3800 Nonstrengthened members 
Post 2-II —6400 — 5400 
Top chord II-III — 1800 — 1160 
Top chord IV-V — 4280 — 2300 
Bottom chord 2-3 — 2350 —3140 
Bottom chord 4-5 —2150 —2140 | 
Compression member 0-I —5700 ( —5700 Strengthened members 
Compression member 2-III —7100 ) —7100 
Compression member 4-V —7100 | —7100 | 
Bar with alternating stress IV-5 — 8550 | —8550 j 


'* Stress is the average of 3-4 station readings and computed at the center of gravity from both end sections. 
The chord members and the posts are under compression and the tie bars are under tension. 


It is evident that alterations have taken place after 
5 mo. but no rule can be deduced from the test results 
since the stresses both increased and decreased in 
various members. 

Service tests have been carried out by Bernhard*® 
on the Rega*® and Vlotho truss bridges in Germany. 
The Vlotho Bridge served as a comparison between 
welded and riveted reinforcement, inasmuch as one of 
its four 230-ft. end spans was reinforced by welding 
and the other by riveting. The center spans were not 
strengthened at all. The deflection measurements at 
the span centers under a moving load showed a decrease 
of 12% for the welded span and 11% for the riveted span, 
alter reinforcement. Thus no significance different 
was observed. The center spans were also affected show- 
ing a decrease of deflection of 3% in each. The stresses 
under live load before and after strengthening are 
shown in Fig. 26 for the upper and lower truss chords. 
The measuring stations were located at the span center 
and the reinforcement was afforded by additional 
plates fastened to one side of the truss channels. The 
dimensions were not given. Similar readings for the 


Before After 
Strengthening Strengthening 
4250 4200 3800 3550 
3806] 600 
1920 850 

Upper Chord 

1960 1910 2060 1850 
: 275 100 
2700 2420 230 1900 
2560 2200 


Lower Chord 
(All Stresses in- psi) 


Fig. 26—Stresses Before and After Strengthening of Chords in 


riveted reinforcement showed the same range of values 
and indicated that the locked-up heat stresses were 
not discernible. 

The Rega Bridge consisted of a single 120-ft. span 
with the truss inverted and located below the tracks. 
The strengthening of the main chords increased their 
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Fig. 27—Sections of Test Columns, Wilson and Brown 
area by about 17% at the same time decreasing the 
average live load stresses by 24.5% in the lower chord 
and by 28.5% in the upper chord. 

Bernhard® summarized the results of his three in- 
vestigations as follows: 

1. Live load stresses and deflections are reduced 
in proportion to the increase of cross-sectional area, 
whereas natural frequency of vibration and bridge 
spring constant increase accordingly. Static and dy- 
namic cooperation of the reinforcement has been there- 
fore confirmed. 

2. The extensometer readings taken in the bead 
metal alone (fillet welds) showed that the welds moved 
in unison with the base metal. No locked-up stresses 
could be observed. 

3. The X-ray tests of welds taken at random showed 
good penetration. 

4. No differences between the riveted and welded 
reinforcements were observed. 

Columns.—Columns of a viaduct in Girard, Pa., rein- 
forced by welding were tested by Wilson and Brown.” 
The viaduct was strengthened by welding longitudinal 
steel plates on to the steel columns and by adding laterals 
so as to shorten the unsupported length of the columns. 
The original section consisted of a web plate and four Z- 
bars as shown in Fig. 27 (a). The reinforcement used 
is shown in Fig. 27 (b). The increase in section was about 


a Truss Bridge, Bernhard” 50%. Tests were carried out to determine whether the 
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residual longitudinal stresses, remaining in columns 
welded under load, affected their load-carrying capacity. 
The objects were: 


1. To determine the temperature deformations in- 
duced in the columns of the viaduct by the 
process of welding reinforcing plates on the Z- 
bar columns. 

2. To determine the distribution of the live load 
stress over the section of the column, for both 
the original and the reinforced columns. 


The live load strain was measured at a section near 
the summit of the top panel for the original section only. 
Both the live load strain on the reinforced section and 
the temperature deformation due to welding were 
measured at sections near the summit of the top panel 
and near the base of the bottom panel. Two 85-ft. 
columns were tested. The deformations were measured 
with an 8-in. Berry strain gage located as indicated in 
Fig. 27. In determining the temperature deformation 
due to welding, a complete set of strain readings was 
taken on both the original section and on the reinforcing 
plate after it had been clamped in place but before weld- 
ing had begun. A second set of readings was taken 
after the plate was welded and cooled. The difference 
between these readings was considered to present the de- 
formation due to welding. 

Live load stresses were computed by taking readings 
when the viaduct carried no load and another set of 
readings with a locomotive over the column. Strain 
readings thus obtained gave stresses when multiplied by 
Young’s Modulus (30 X 10° psi.). The engine produced 
computed average stresses of 7000 psi. in the original 
columns and 4900 psi. in the reinforced columns. The 
average measured live load stresses for the two reinforced 
columns tested were as shown in Table 3. 


North South 
Column, Column, Avy., 
Psi. Psi. Psi. 
4420 3700 4060 
3860 5190 4525 
4690 4300 4495 


At summit of top panel 
At base of top panel 
At base of bottom panel 


The distribution of the live load strain readings over 
the sections of the reinforced columns is shown in Fig. 28. 
The vertical distance between the two curves represents 
the measured deformation due to engine weight. The 
discrepancy between the theoretical and measured values 
is +16% for the original columns and —11°% for the re- 
inforced columns. These discrepancies are not consid- 
ered significant, since the strain could not be measured 
over the whole section. Moreover, the distribution of 
the live load stress is, in general, as uniform for the re- 
inforced column as it is for the original section and, ac- 
cording to the authors, conforms with similar laboratory 
experiments. It is to be noted — the deformation at 
the summit of the top panel, Fig. 28, is partly elongation 
and partly contraction. Since ey gage lines were only 
5 in. away from the butt weld at the end of the plate it is 
possible that this fact caused an additional restraint and 
accounted for the alternating strains. Considering only 
the a at the gage lines 4, 7, 8,-11, 14 and 1 in 
Fig. 28 as representing stresses induced by welding and 
not affected by the plastic flow of the material, the 
corresponding stresses are from 6000 to 11,000 psi. This 
temperature stress is of importance, since, when it is 
added to the existing stresses, it may cause locally 
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Fig. 28—Unit Deformation Due to Welding and to Load 
Wilson and Brown*® 


section. 

On the basis of the’ tests described and an additional 
investigation on columns reinforced without load Wils: 
and Brown form the following conclusions: 

1. If structural steel members are reinforced by weld 
ing longitudinal plates to the original section, long 
thermal stresses are produced. The thermal stresses 
will usually be of the order of 5000 to 15,000 psi. and 
some instances may equal the yield point strength of t! 
material, which, for the columns tested, was about 36,10 
psi. 

2. If acolumn which has been similarly 


itudinal 


reinforced ts 


straight after welding, the unit load-carrying capacit 


will be as great for the reinforced as for the original 
column. 

having an //r ratio of about 65 and this ratio was not 
greatly affected by the change in section. 

Pipe Lines.—High-pressure pipe lines were tested b 
Wilson*’ in order to find out the danger of penetration 
the electrode through the pipe wall. In the 
arc was deliberately forced to penetrate the pipe wall 
Four tests were performed on a pipe (°/i¢ in. wall thi 
ness) carrying natural gas at 335 psi. pressure, varying 
the amperage and the welding position. The normal cu 
rent used for welding on a line under pressure is kept com 
paratively low so that the penetration of the weld ma 
be under control. The amperage is usually 150-1) 
amp. with a or °/-in. welding rod. 

The first test was made with this amperage on the t 
wall of the pipe. After 30 sec. of feeding the electr 
vertically in one spot, it was found impossible to piere 
the pipe, since the metal deposit was building up /aster 
than the rate of penetration. 

The second test was made in the same position usin: 
250 amp. current. After 20 sec. the electrode pierce’ 
the wall of the pipe and the gas rushed out but without 
igniting. As the gas was escaping from the pum 


tests the 


. five or six arcs were struck adjacent to the leak Du! 


failed to ignite the gas. 

The third test was performed with the welding done !" 
an overhead position with normal amperage of 150-!/ 
amp. After 25 sec. the electrode pierced the w 
no ignition resulted, even though the welding was 0! 
tinued for some time after the leak developed. * 

The final test was also in the overhead position wit 
the electrode piercing the pipe in 15 sec., and as bel’ 
no ignition took place. 
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Table 4 
No. of Longitudinal Reduction in Deflection in Equivalent Bending Stress 
789 pp [Initial Stress, Psi. Weld Runs Length, In. Center, In. Caused by Buckling, Psi 
32,000 6 3/16 to 1/,* 145 10,200 
i a 16,000 6 0.186 113 7,900 
Ly 16,000 2 0.078 .081 5,700 
9,600 2 0.041 034 2.400 
9,600 2 0.046 020 1,400 
6,400 2 0.040 006 420 
3,20 2 0.043 008 560 
0 ‘ 0.032 004 280 
nee ~* The length of the first test piece was not measured accurately. 
2 It is important to note that in each case the resulting was kept constant during welding. Longitudinal runs 
if hole blown through was no larger than '/3.in.in diameter. of welding were applied to the exposed face of the test 
a= The lack of ignition was attributed by Wilson to two pieces with No. 8 electrodes. After the welding the 
causes: surplus metal was removed by a shaper reducing the test 
1. Onaccount of high velocity the escaping gas passed piece to its original thickness. The center piece was 
a the critical point of ignition before the flame could then held down to the casing and °/\-in. wide strips were 
sl reach it. cut from both sides of the center piece with a parting 
2. The burned gases from the arc probably formed a_ tool. Thus, a center piece 2°/s in. wide and two side 
protective area around the point of contact. strips of °/i. in. were obtained. ‘The following Table 4 
original Wilson concluded that the repairs of high-pressure gives a summary of the loss of length and equivalent 
piping carrying inflammable gases were quite safe. bending stress in the center pieces of all the eight speci- 
ditional Even if there were a danger of penetration, the welder mens: 
d Wilson was in a position to notice any disturbance in the puddle If the bar is constrained to be flat, as in the case of a 
, i and to withdraw the electrode in time. plate riveted to another member, the equivalent stress, 
Dy wen: ets Bs which is equal to the bending stresses in outer fibers, 
gitudinal Laboratory fests was calculated from the following formula. (It was 
, Stresses In this classification two kinds of tests were performed. assumed that the curvature in the test piece was circu- 
" ar The first kind, general tests, was rather limited in scope lar.) 
ot 36.00 = dealt with the distortion and shrinkage ‘stresses Bending stress = y#/R 
observed during welding onto a member already stressed. whens 
In this series welding metal alone was deposited onto the ; 
MOrced 1 test piece without using reinforcing plates. The second, distance from neutral axis to outer fiber 
Capat and far more extensive group of tests, dealt with the re- plate thickness 
orig inforeing of riveted joints by welding with the aim of Young’s modulus taken as 27 X 10° 
colum finding out the effectiveness of such strengthening. wrought iron 
Was I Here also only such tests are reviewed in which the radius of curvature = c*/2v, where c = ‘/2 X 
welding was done in a preloaded condition. original length of test piece and v assumed 
ESUEK General Tests.—The only comprehensive tests on this versine = camber in center of piece when 
rau subject have been carried out by Colam and Watson®! freed from jig after welding 
vogl and on a limited scale by Jurezyk. Colam and Wats mn In summary, the test results were as follows 
| set out to prove their contention that, if welding were _ 
all thi applied to a member in a state of strain, the parent Center pieces: 
» Varying metal near the arc became plastic and the state of strain Reduced in length 
rmal cur vanished within a certain volume of the metal. During _. Curved—concave on the welded surface 
= subsequent cooling this volume of metal was left in a ide pieces: 
ve ld m state of tension. If the member was originally in ten- Reduced in length less than the center piece 
Lo0-1i sion, the final stress might be greater than the original. Curved in two directions: P 
If, however, the original state was compression the final Very slightly = the plane of the ceater piece 
nm the t result must be that compression has been replaced by More definitely in a plane at right angles to the 
elects ‘ tension. Hence, if a reinforcing plate is welded to a center piece 
ee ne structural compression member by a weld running The higher the initial compressive stress and the greater 
across the member, a strip of metal in tension results. the number of weld beads the higher is the residual 
— If the member is thin it is probable that this strip will bending stress. 


extend across the full thickness of the member and cause 
part of it to go out of action. 

Experiments were carried out on the following test 
pieces: 


Flat bars in compression restrained from buckling. 
Flat bars in tension. 

Beams. 

Flat bars acting as struts. 


Tests on Bars in Compression: The test pieces 
were 24x 4x */sin. (wrought iron) mounted in a casing 
extending the full length of the specimen and leaving a 3- 
in. surface exposed. The strips were loaded in a hori- 
zontal position by means of a hydraulic jack. The load 
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2. Tests on Bars in Tension: (a) Longitudinal 


Welds. Colam and Watson used mild steel bars 24 x 
3 x '/, in. under constant tensile load during welding. 


Table 5 


Av. Change of 
Length (— = Deflection 
Contraction; in Center, 
Psi + = Elongation) In 
26,900 2235 
13,400 40.013 
6,700 —0.025 


Equivalent 
Bending Stress 
Caused by 
Buckling, Psi. 
0.005 500 
0.028 
0.060 6100 


Initial 
Stress, 
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Two longitudinal welding runs of 16 
in. were deposited on each side of the 
center line on one surface of the test 
piece. The results, computed by the 
same formula as used for compression 
tests but with E = 29 X 10* psi., are 
tabulated below: 

Buckling was in all cases concave to 
the welded side. 

The results of this test may be 
summarized as follows: 

Large permanent extension at high 
stress changes to permanent contrac- 
tion as the stress decreases. 

The residual bending stress de- 
creases as the applied tensile stress is 
increased. 


Is 10 inch. 


Elongation in 


Elongation 
wher Cold 


4 


41Q000 15,000 pai 
Tensile Stress 


\4,200ps! tensile stres 


psi tensile stress 
~~ 
o 


1400 psi tensiie stress 


(b) Transverse Welds. Axial ex- 
tensometer measurements were made 
by Jurcezyk**: ** on mild steel bars 
(ST 37) 39.4 x 3.15 x 0.67 in. held 
under constant tensile load during 
welding. Four tests under various 
loads were conducted and Fig. 29 
shows the relation of change in length 
to time. Two beads were deposited 
on each side of the bar in time inter- 
vals 0 to A, Bto C, Dto E and F to 
G. (Electrodes ™/e, in. diameter, 
current 180-200amp.) During weld- 
ing the bars elongated because of heat and contracted 
when the welding was interrupted. Welding took place 
in 3 min. time intervals (full line curves) and in one 
case (dotted line) with 10 min. intervals. 

Table 6 shows the weight of metal deposited and the 
time of welding of each seam as indicated in the insert of 
Fig. 29 for weld grouping A: In Fig. 29 from G to H 
the bar was cooled at room temperature and from H to J 
water cooling was used. 

From Jurezyk’s data Table 7 was prepared by Sprara- 
gen and Claussen® to facilitate comparison of his results 
with those of Colam and Watson, as follows. 


Table 7 


Distortion, In. (+ = Elongation; 
— = Contraction) 
Immediately After 
Depositing Fourth 
Bead 
+0.236 
+0.087 
—0.020 


Constant 
Tensile Stress, 
Psi. 
14,200 
8,500 

1,400 


After Cooling 
+0.165 
+0.037 
—0.012 


Results tabulated in Table 7 refer to full line curves in 
Fig. 29. The dotted line, also at 8500 psi., represents 
longer time intervals for seams spaced 12 in. apart. In 
this case the elongation immediately after depositing 
the beads was only 0.051 in. and after cooling 0.009 in. 


Time ia min. 


hee A. A. 
‘5 zo 


Specimen A 


; Full line curve 


Specimen B 
wv Dotted curve 


Fig. 29—Change of Length During Welding Under Tensile Load, Jurczyk"* 


as against 0.037 in. when the time interval was only 3 
min. Evidently, if a weld bead is given time to cool, 
before another run is deposited, the resulting deforma- 
tion is decreased. The results recorded by Jurezyk con- 
form qualtatively with those reported by Colam and 
Watson. Quantitatively Jurezyk found higher unit 
changes probably because he studied transverse beads 
which heated the entire loaded section. Colam and 
Watson, on the other hand, studied longitudinal beads 
in which only a localized section was brought to such a 
temperature that the applied stress exceeded the propor- 
tional limit. 

3. Tests on Beams: A rolled steel I-beam 7 x 4 in. 
was used by Colam and Watson for testing. The load 
was applied by means of a hydraulic jack in the center 
of a 48-in. effective span. Beam No. 1, Fig. 30, was 
loaded to failure without introducing any welding- 
Beam No. 2 had a flat 24- x 5- x */s-in. plate added to 
the compression flange and fillet welded after being 
loaded so as to stress the beam to 20,000 psi. in the outer 
fibers. After the welding the beam was cooled for 30 
min. and then tested to failure. 

Figure 30 shows the results of the tests. It is to be 
noted that there was a permanent deflection of about 
4/3 in. without increase of load when welding was 1 
progress. 

4. Flat Bars Acting as Struts: Colam and Watson" 
also tested flat wrought iron plates 4 x 3/s in. and 12 in. 
long placed with the long side vertical and welded under 
a compressive load. Slenderness ratio for the specimens 


Table 6 


Constant Tensile Stress, 1400 Psi. 
Deposited Time of 
Metal, Welding* 
Lb. Sec. 
0.0835 
0.0820 
0.1000 
0.0872 


Constant tensile Stress, 8500 Psi. 
Deposited 
Metal, 
Lb. 
0.1030 
0.0900 
0.0900 
0.0892 


Constant Tensile Stress, 14,29) Ps! 

Deposited Time ol 

Metal, Welding, 
Lb. Sec. 

0.0870 
0.0855 
0.0935 
0.0865 


Time of 
Welding, 
Sec. 
135 
100 
110 
105 
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30—Beam Test Results, Colam and Watson*! (1 Ton = 


was 111 (l/r). Figure 31 shows the number and direc- 
tion of 11-in. weld runs applied to each test piece, and the 
distortions along the bars. Other test details are given 
in Table 8. 


Table 8 
Test 
Piece Compressive 
No. Stress, Psi. 
S; 16,000 
8,000 
16,000 


Loss of 
Length, In. 
Not noted 
Not noted 

0.022 


Remarks 
Failed by buckling 
Failed by buckling 
No buckling---slight 
distortion 

No buckling—slight 
distortion 

No buckling—slight 
distortion 

No buckling—slight 
distortion 


8,000 0.028 


16,000 0.0215 


8,000 0.0205 


Results of test pieces S, and S, show that failure can 
result in transverse welding of a compression member 
even if the crippling load is not approached. Compari- 
son of tests S,; and S, with S; and S¢. shows that longi- 
tudinal welds along the axis of stress do not have as 
serious effect as transverse welds. A comparison with 
the results obtained in tests of compression bars re- 
strained from buckling (section 1) shows about the same 
contraction per unit length. 

The conclusions reached by Colam and Watson on the 
basis of all their tests, as described, are as follows: 

(a) The test results are valid in showing merely a 
trend, since the heat of welding was probably higher 
than would ordinarily be permitted. 

(6) When a simple compression member is welded, 
part of it goes out of action. This causes concentration 
of stress in the remaining section resulting in local failure 
until the full section resumes operation. Even then, 
however, the distribution of stress is uneven. Such 
local yielding is impossible in a built-up member, and 
the effective area of the whole member is reduced and the 
maximum stress increased. This local yielding was 
demonstrated in experiments with high initial stress 
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where the total stress caused extreme shortening of the 
member because the unheated section was stressed be- 
yond its elastic limit and could not come back. When 
the imposed stress was lower, the reduced section could 
carry the full load without exceeding the elastic limit, 
and the total shortening was less. 

(c) The same remarks apply to members in tension 
with somewhat less force, since in this case the alteration 
of stress does not constitute a reversal of the original 
stress. 


Reinforcing of Stressed Riveted Joints. —Gaber™ tested 
mild steel (ST 37, yield point 42,500 psi.; tensile strength 
61,000 psi.; ultimate elongation 22-28%) plates 4*/,4 x 
18/9 in. and 40 in. long reinforced on both sides by 4- x 
5/\-in. and 10-in. long straps. The specimens were 
tested in three groups: I, welded only; II, riveted only; 
III, riveted and reinforced by side fillet welding under 
tension. The welds had a theoretical throat thickness of 
0.225 in. and varied lengths of 1.18, 2.36, 3.54 in. The 
rivets used were of 0.9 in. diameter. The arrangement 
is shown in Fig. 32. All the riveted test pieces were 
loaded several times before testing to 21,500 lb. which 
corresponds to the full allowable bearing stress of rivets 
of 50,000 psi. The preloading during welding of the 
specimens of Group III was calculated to equal 30, 40 
and 50% of 21,500lb. Table 9 gives the results of tensile 
strength tests in pounds. 

The specimens of Group III with 1.18-in. long welds 
reached the load corresponding to the strength of the 
welds, after which the load temporarily decreased to rise 
again until the rivets failed in shear. The specimens of 
Group III with longer welds did not fail at 112,000 Ib. 
and their ultimate strength remained undetermined. 
The latter result indicates that the failure would have 
occurred at the strap section weakened by the rivet 
holes rather than by separate shear of the welds or 
rivets. 

Gaber also investigated the same specimens for the 
distribution of shear stresses in welds subjected to a load 
corresponding to an average stress of 10,000 psi. The 
deflections were measured by means of mirrors located 
at various points in the welds. The readings were 
taken on the test pieces of Group I (welded only) and 
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Table 9 


Group 


I Welded only 
II Riveted only 


{ with 6500 Ib. 
III { Riveted, welded and preloaded } 


with 8750 Ib. 
with 10,800 Ib. 


Length of Welds 
2.36 In. 
100,000 

56,000 
112,000 
112,000 
112,000 


1.18 In. 
65,000 
56,000 
95,000 
95,500 
89,500 


Group III (riveted and welded under load). 


reinforced plates was significantly disturbed. 
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Fig. 31—Strut Tests, Colam and Watson®! 


pointed out that after the length of weld ‘exceeded ten 
times the effective shear length (0.7 X leg height), it 
would be necessary to either make two short welds in- 
stead of one long one, or make the ends of a long weld 
substantially thicker than the center part. If these 
steps were taken, a more even stress distribution would 
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The re- 
sults as recorded in Fig. 33 indicate that as the length of 
weld increased the uniformity of stress distribution in 


Gaber 


> 


~ 


Fig. 32—Tension Test Specimen of Group III, Gaber® 


be achieved with a consequent increase of the ultimate 
strength of the reinforcement. 

In view of the tensile strength results Gaber analyzed 
only the specimen with 1.18-in. weld to determine th 
share of the load due to reinforcement. The average 
tensile strength of the reinforced sample welded under 
various initial loads was 93,500 lb. which represents an 
increase of 67% over the riveted sample of Group II. 
This means that at failure the rivet carried 93,500 — 
65,000 = 28,500 Ib. which corresponds to only 50%, of 
its capacity (56,000 Ib.). The important conclusion of 
this test appears then to be that, if the reinforcing is 
made under a load equivalent to half or less of the 
bearing stress, the total weld strength and only half the 
rivet strength make up the breaking strength of the 
member. In addition, there seems to be no correlation 
between the magnitude of initial load and the coopera- 
tion of rivet and weld in failure. 

From the observed deflections when testing the 
specimen welded under 10,800 Ib., Gaber calculated 
corresponding stresses in the welds, and he was able to 
derive the share of the total load, taken by the welds 
and the rivets, respectively, for varying weld lengths 
To clarify the method used let 

load (subscripts denote: s = weld, 
stress 
length of weld 
height of weld throat, and 
4 la = area of all four welds in shear 


Then, since P = P, + P,, P,; = 4laS and P, P —P, 


With P and P, known the curves of Fig. 34 were 
plotted. It is evident that, as the length of welds in- 
creases, the rivets do not contribute very much to load- 
carrying capacity beyond the initial load. 
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Fig. 33—Distribution of Stresses in Welds of Varying Lengths, 
Gaber** 

Tested at an average stress = 700 kg./cm.? = 10,000 psi 

30 mm. = 1.18 in.; 60mm. = 2.36in.; 90mm. = 3.64 in. 


S$: welded only; N + § = riveted and welded under load. 
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Fig. 34—Distribution of Load (P) Between the Rivets (P,.) and Welds (P,); Welded Under Load of 4.8 Tons 
(10,800 Lb.) Gaber** 


Dotted line represents total load P = P,+P,; coordinates in tons of 2240 lb. 


Gaber®™ also described experiments on compression 
members consisting of 0.79- x 0.485-in. and 7.9-in. long 
bars stiffened against bending and fastened to the main 
member by four rivets of 0.9 in. diameter. Two such 
test pieces were reinforced by eight 2.36- x 0.225-in. 
longitudinal fillet welds under a compressive load of 
72,000 Ib. (32.2 tons) corresponding to 50% of allowable 
rivet bearing stress. Measurements were taken with an 
extensometer located on the reinforcing plate, and Fig. 
35 shows the plot of deflections against load. 

The following is a summary of Gaber’s test results: 
the carrying capacity of a member in tension, reinforced 
under load equal to half the allowable, was increased by 
67°), even though the shear area of rivets was increased 
by 82% through additional welds. The calculated 
strength of the weld was utilized in 57%. For a com- 
pression member similarly loaded and reinforced in the 
same proportions the carrying capacity increased by 
73%, and the weld strength was utilized in 81%. The 
more rivets were present the better the rivets and the 
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35—Load-Strain Curves for Compression Specimens, 
Gaber®* 
| lines = specimens riveted only. Dotted lines = specimens 
1 and welded under compressive load of 32.2 tons (72, 128 lb.) 


welds cooperated. The welds should not be made 
longer than ten times their throat thickness. If the 
shear area of rivets (in double shear) was not more than 
doubled by the weld shear area, and sufficient preloading 
was applied, the two connections cooperated satis- 
factorily. If, however the weld area was double that of 
the rivet area or more, the rivets could carry the initial 
load only. 


2 


Fig. 36—Tensile Test Specimen, Kayser®® 


Kayser® reported briefly, about the same time as 
Gaber, experiments carried out on riveted connections 
strengthened under tensile load by side fillet welds. 
The test pieces were also of ST 37 steel and were propor- 
tioned as shown in Fig. 36. The thickness of plates and 
rivet diameter were not given, but the cross-sectional 
area of the rivets was 1.125 sq. in. and that of the welds 
about 1.95 sq. in. The specimens were welded in the 
loading machine under varying degrees of initial load 
and were subsequently tested to destruction. From the 
test results (not given) Kayser concluded that no 
significant increase of load-carrying capacity was 
achieved as compared with connections strengthened 
without preloading. For this reason this line of testing 
was not continued by him. It appears worth noting, 
however, that no decrease of capacity was observed, and 
the results agree with Gaber’s. Kayser is of the opinion 
that the combined strength of rivets and welds, inde 
pendent of preloading, is equal to the ultimate strength 
of the welds plus the yield strength of the rivets. 
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Table 10 


——Test Values 


3 
Resistance in Tons 


Calculated Values—— 
4 5 


Px =P, — 


Av. 
Deforma- 
tion in 


Riveted 


Riveted 
No. 1 


6. 


ON OH 


P= P, + P, 


Extensive tests sponsored by the German Railways 
were conducted by Kommerell and Bierett®: ©’ to ascer- 
tain the effectiveness of strengthening riveted bridges 
by[,welding. The type of specimen used in the first 
series of tests® is illustrated with dimensions and data in 
Fig. 37. In order to duplicate conditions met in prac- 
tice, a load of 27,500 Ib. (12.3 tons) was applied before 
welding. This load corresponded to the full allowable 
stress in double shear of rivets (19,400 psi.). The 
application of this stress was supposed to help the 
riveted connection to settle as it would in a bridge. The 
load maintained during welding was 13,500 Ib. corre- 
sponding to 9400 psi. in rivet shear and represented the 
dead load. The connection was calculated to carry a 
tensile load of 40,500 Ib. which would stress the rivets in 
shear 50% more than the allowable stress. In order to 


take care of this excessive stress, the rivets had to be 
reinforced by welding. The design of welds was checked 
in two ways, as follows: 

(a) According to German rules DIN 4100 the welds 
were charged with full live load, that is: 40,500 —- 
13,500 = 27,000 lb., giving for the design welds, Fig. 37, 
full allowable stress in shear of 10,000 psi., but leaving 
the rivets stressed only to 50°% allowable. 

(6) According to another acceptable formula the 
rivets were charged with full dead load and one-third 
live load, and the welds with two-thirds live load. This 
computation gave full allowable stress in the rivets and 
only 67% in the design welds. 

The above considerations prove that the design con- 
formed with the limiting conditions of both rules and 
was acceptable as a practical application. 
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Fig. 37—-Tensile Test Specimen, Kommerell and Bierett*® 
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Fig. 38—Load-Deformation Curves for Tensile Specimens, 
Kommerell and Bierett®* 


Specimen 2 welded under a load of 6 tons (13,500 lb.) 


The welding under constant load was done in a vertical 
position in a specially constructed frame and, after two 
hours’ cooling, was tested to destruction in a tensile 
strength machine. It is to be noted that the specimens 
were completely relieved of external load during this 
transfer. The welding was done with bare electrodes at 
140amp.d.c. All welds on one side were deposited be- 
fore the other side was started. The measurements 
were taken of the displacements between the straps and 
the original plate at various points indicated in Fig. 37. 
Figure 38 gives the average values of sixteen samples in 
each case, taken from the measuring stations 1 to 8 and 
ll to 18. It shows the relation between load and de- 
formation for the following test pieces: 


1. Riveted only. 

2. Riveted and welded under 13,500 Ib. tensile load. 

3. Riveted and welded without load. 

4. Welded only (the specimen in this case had rivet 
holes drilled but no rivets). 


From the results shown in Fig. 38 Kommerell and 
Bierett derived Table 10 showing the resistance to de- 
formation of the test pieces welded under 13,500 Ib. (6 
tons) load. In Table 10 the calculated value P’, shows 
the theoretical resistance of the weld, and the value P’,, 
an ideal reinforcement, was computed by taking the sum 
of P, and P,. The ratio P,/P’, expresses the part of 
the total load taken by the rivets, and the ratio (P,, — 6) / 


| x 


i 


od in Vie00mm 
Fig. 39—Test Results, from Table 10, Kommerell and Bierett** 


(P’, — 6t) gives the distribution of load in excess of the 


initial load maintained during welding. 

The table values are plotted in Fig. 39 from which it is 
to be noted that the share of the load taken by the 
rivets, Curve 6, falls from 100% very sharply and then 
More important is the ratio of Curve 
7 as showing the part of the live load taken by rivets 
with the reinforcement carried out under dead load. 
This starts with 53%, falls by 20 tons (44,800 Ib.) to 
about 48% of the total load and finally, as the load in- 


gradually to 30%. 


creases, it falls to only 20%. 


Thus, the main share of the 


live load is taken by the welds in agreement with the 


German rule (b) and Gaber’s results. 


Similar curves 


drawn for test pieces welded without load are basically 
the same and the authors concluded that the load dis- 
tribution between rivets and welds was independent of 
the method of reinforcement. 


Fig. 40—Test Specimens, Kommerell and Bier 


Specimen 
Series 
1 


9 
~ 


3a 
3b 
(Same as 3a) 


3c 


3d 


3e 


fos) 


Area of Weld-in 

Only riveted 

Only welded but 
with rivet holes 


2.46 
2.46 


Only riveted 
Only welded, with 
holes 


3.92 


3.92 


Table 11 gives the breaking strengths of the various 


test pieces: 


Riveted 


1 
2 Riveted and welded 


Connection 


under 13,500 Ib 


~ Ww 


Riveted and welded 
without load 
Welded 


Table 11 


Ultimate 
Strength, 
Lb 

62,000 
110,500 


112,000 
110,000 


Appearance 

of Failure 
Shear of rivets 
One of the straps 
failed across the 


inside rivet hole 


These results, compared with Gaber’s®* Table 9 for 
1.18-in. weld, differ considerably, inasmuch as the failure 
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occurred as soon as the strength of the welds was ex- 
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Table 12 


Shear Area 
Area of of Rivets, Ultimate 
Straps, Sq. In. Sq. In. Strength, Lb. 

4 66,000 

110,000 

117,000 

126,000 

136,000 

141,000 

143,000 

205,000 


Specimen 
Series 


ceeded. This is inconclusive owing to the fact that 
Bierett’s specimens failed across the weakened strap 
section and not in the welds. 

The second series of tests conducted by Kommerell 
and Bierett™ aimed at determining the best design of 
welding connections in strengthening riveted joints. 
Both static and dynamic (fatigue) tests were conducted. 
The connections were calculated, as in the first series, to 
give stresses equal to allowable when subjected to 65,000 
Ib. for Specimens 4, 6 and 7 and to 40,000 Ib. for Speci- 
mens 3a, 30, 3c, 3e. In the case of 3d, which had thicker 
welds, the stress was lower than allowable. Figure 40, 
reproduced from the Research Supplement®® gives the 
series numbers of the specimens together with their 
principal dimensions and the shear areas of welds. All 
joints of Series 1 and 3 were loaded about ten times in 
tension between 27,500 Ib. and 13,500 Ib. (12.3 and 6 
tons). The larger joints were loaded between 55,000 Ib. 
and 22,000 Ib. These preloadings were designed to 
simulate loads on a bridge in service. Subsequently the 
small specimens were welded under a load of 13,500 Ib., 
and the large ones under 22,000 Ib. duplicating the 
design dead loads. These loads were kept constant 
during welding and cooling. The test pieces, of mild 
steel, were welded with bare electrodes in several passes 
at 170 amp. d. c. 

Table 12 gives the results of the static tensile tests. 
Specimens not included were not investigated statically. 

Similarly, as in the first series of experiments, the in- 
vestigators measured the displacements between the 
straps and the main plate during tensile tests. An 
analysis of the results of these readings confirmed the 
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Fig. 41—Load-Deformation Curves for Tensile Specimens 3d, 
3a and | 


(Upper curve left of joint, lower curve right of joint), Kommerell 
and Bierett.*7 (3d and 3a welded under a load of 6 tons (13,500 
lb.).) 
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Ultimate Stress 
(Referred to 
Straps), Psi. 

(34,500) 
(57,000) 
61,000 
66,000 
70,000 
(38,500) 
(38,500) 
56,000 


Remarks 
Shear of 2 rivets 
Shear of welds 
Failure of strap across rivet holes 
Same as 3a but one weld severed also 
Same as 3c 
Shear of 4 rivets 
Shear of welds 
Same as 3c 


previous findings that the rivets took only a very limited 
share of the load beyond that applied at welding. Since 
the welding load represented the dead load, the practical 
conclusion reached was that in calculating reinforcement 
the welds ought to be charged with full live load and the 
rivets disregarded. The results of the displacement 
readings are shown in Fig. 41. It should be borne in 
mind that the deformations in these tests express the 
sliding of the straps with relation to the main plate 
and not the inherent deformation of the metal. 

The same specimens were also used to conduct fatigue 
tests reviewed in this Supplement previously.** The 
fatigue test results were in disagreement with the static 
tests. Series 3c and 3d were better under static load 
than series 3a and 3e, but in fatigue the position was re- 
versed. The investigators were of the opinion that for 
large structures, where the reversal of stress occurred in 
frequently, the fatigue results were less important, since 
the large number of reversals used in tests (2  1()! 
cycles) would seldom be met. Im any case the fre- 
quency of changes would be far smaller which might 
augment the test results. The fatigue tests indicated 
that the fatigue strength increased as the initial load 
arose. This points to the advantage of having the 
structure under stress during welding. It was recom- 
mended that the beginning of the welds be set as far as 
possible behind the first row of rivets so as to utilize as 
fully as possible the available weld strength. 

As a result of tests carried out in the U-.S.S.R., Niko- 
laieff*? suggested the following formula for the percentage 
of the total load which could be carried by welds in rein- 
forced riveted joints: 


where 


s = ultimate strength of the combined connection 
s’ = ultimate strength of riveted connection (without 
welds) 
ultimate strength of welded connection 
rivets removed) 


with 


The investigations proved that the main part of the 
stress in the combined connection was taken by the 
welds. The rivets appeared to be lightly loaded. Ac- 
cording to experiments, K = 0.2 to 0.4 in connections 
with rivets strengthened by frontal welds, and K = 0.6 
in connections with rivets and side welds. In all the 
experiments the area of the welds was equal to the area ol 
the rivets. Nikolaieff’s gave somewhat higher value tor 
-K than that obtained from the first series of Kommere'l s 
and Bierett’s tests (K = 0.43) for side welds. 

On the basis of 220 tests conducted in Poland (details 
not available) Bryla* concluded that strengthening ©! 4 
structure could be made without relieving it of dead 
load, if the dead load stress did not exceed about 
of the total stress. The basic calculations were 
formed as follows: 
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Fig. 42—Theoretical Load-Displacement Curves, Kayser and Herzog™ 


Dead load in member = P, first. Full utilization of the rivets could only take place 

Live load in member = P, if the ultimate deformation of the welds, s, fell within 

Old useful section = F, the limits of the yield point deformation of the rivets. 

Stress caused by dead load = S, = P,/F, A limiting case is shown in Fig. 42 (c). The conclusion 

Stress caused by live load = S, = S, — S,, (where reached by Kayser and Herzog was that reinforcing 

S, = allowable stress) under load enabled better utilization of both connec- 
Useful cross-sectional area of reinforcement tions. 

F, = P,/S, Bruff*’ agreed that care should be taken not to over- 

stress the old material. The new material could not be 

Reinforcement cross-sectional area = F, = F, — F,. strained to its full permissible safe limit, as it could not 


To reduce the dead load stress effect Bryla recom- take any of the dead load stress unless the entire struc- 
mended that the main members be reinforced first and ture was supported during welding. Stressing of the 
the less important members afterward. new material to the limit would result in overstressing 

In the strengthening of riveted joints by adding welds the old metal which would have to take the old dead 
either frontal or longitudinal) the following formula  foad stress, the weight of the added metal, p!us a live 
was recommended as a result of the tests: load share proportional to its distance from the neutral 
S, = S, + axis. 

The matter of the cooperation of the old structure 


where with the reinforcement was based by Fauconnier™ 
S, = combined resistance of rivets and welds on the assumption that the original section alone with- 
S, = weld resistance stood permanent loads, and that the strengthened sec- 
S, = rivet resistance tions worked in a homogeneous manner. This assump- 


For the value of the coefficient « Bryla recommended tion was expressed, in the case of plain tension, by Fig. 
43 which was experimentally checked and found correct 


using I rrec 
the if ) (tests not given). Fauconnier stated that, even if his 

sem 0.7 for lateral welds (in the « ta nin theory was inaccurate in regard to the stressing of the 
u = 0.6 for frontal welds (across the lines of torce) original material, the ductility of the added steel would 


help it relieve the base metal without allowing the latter 


to exceed the yield point. This reasoning agrees sub- 
by Weldin ya 45 
Theory of Reinforcing Riveted Joints by g stantially with Kayser and Herzog. 


Schematic load-displacement diagrams analyzed by 


Kayser and Herzog® are reproduced in Fig. 42 (a) and i is 
b) to serve as a purely general representation. The S 7 ws 
assumption was made that the displacement of a riveted | wr 
connection, disregarding sliding, under a given load, was vied N : 

greater than the corresponding displacement of a more e we 3' 22 ' 

rigid weld. Both rivets and welds were assumed to $—--}--- 

have the same cross-sectional area. The diagrams $f i? 

mean that in a combined connection, subjected to uni- | . 4. Nie | 

form extension, the distribution of load between the ww q $ f 

rivets and welds would be in the ratio of tan a/tan 8. 

This relation would hold until the yield point of one | y 

of the connections was reached. If, however, the nm yy’ MY | 

riveted joint was preloaded, as by dead load, the super- Aas | hoove 
imposed diagram of Fig. 42 (c) must be substituted. 

It is assumed in this figure that the useful load of the borne Borne by strengthened section 

riveted joint equaled the dead load. It may be seen Ww Origine! section 

that the rivets take only a limited part in carrying the A Strengthened ‘section 

additional load but, since their displacement is at a Fig. 43—Distribution of Stresses in a Strengthened Part, 
greater rate than that of the weld, the latter would fail Fauconnier" 
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under no initial load on the grounds that rivets would 
slip under load more than welds, and there could be no 
certainty as to the exact conditions which might prevail 
at a particular project. He also pointed out that the 
test results were open to conjecture inasmuch as the 
rivets used were driven more carefully, and the joints 
were vastly different from those provided in practice. 
Rivet holes were better filled, and the possible slip in 
test specimens was less than that which would occur 
in structures subjected to many stress repetitious. As 
a safe precaution Dustin advocated (1932) designing 
the welds to carry the whole load. 

Kommerell*! in his latest available article (1939) 
mentioned a very significant, recent regulation in Ger- 
many. Because of the rigidity of welds and the fact 
that the welds could be overloaded before the rivets 
came into action at all, the use of riveting and welding 
together was forbidden in all new structures. 


APPENDIX 


Influence of Elevated Temperatures on Structural 
Steel 


It is universally recognized by the various investi- 
gators that during welding a small volume of metal 
becomes plastic and incapable of carrying any load. 
Since, however, in structural reinforcing under load 
the unaffected cross section is most of the time suffi- 
ciently large, the problem of collapse during welding 
has not merited much attention. Numerous investi- 
gators repeatedly point out that the reserve load- 
carrying capacity, provided by the use of allowable 
stresses, leaves sufficient margin to take care of a tem- 
porary reduction of area. The problem of temperature- 


affected zones has been considered more important 
from the point of view of locked-up shrinkage stresses 
which it involves. 


Dustin® disapproved of strengthening riveted joints 
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Fig. 44—Temperature Gradient During Reinforcing, Buhler‘ 


In general, the following steps have been taken ¢, 
avoid excessive heating: 


Use of low currents and small diameter electrodes. 
Allowing the welds to cool between successive passes 
Intermittent welding in short lengths at the time 
Use of arc welding only. 


Temperature Zones 


The only references to actual temperature readings 
during reinforcing are due to Bithler,“© Kommerell and 
Bierett® and Shaw.® 

Biihler measured the temperature gradient when 
carrying out the first pass of a fillet weld on the bottom 
flange of an I-beam, Fig. 44. The measurements were 
taken with thermocouples located in the beam and 
plate as indicated by arrows in the figure. The dimen- 
sions of the flange and the plate were not given nor 
were the readings taken near the bottom of the weld 
where the heat intensity would have been the greatest. 

Kommerell and Bierett simply mentioned, in con 
nection with tests carried out on the specimen of Fig. 37 
that the temperature of the rivets was taken during 
welding and did not rise over 392° F. The rivet 
center, where the thermocouple was located, was 1.15 in. 


Distance 
from Weld, Temperature, 
Source In. 
Biihler* 1.00 293 
Kommerell and Bierett®¢ 1.18 392 
Reinhard® 1.58 320 \ 
1.00 392 f 
Lebrun’”° 0.40 482 
0.40 546 
1.00 400 
1.00 450 
Shaw?! 0.50 717 
1.50 608 
Minter’! 1.18 572 
1.00 752 
Gehring’? 1.18 456-490 
Boulton and Lance Martin”? 1.31 392 
1.425 428 
Portevin and Séférian” 0.5 608 
1.0 392 
0.5 932 
572 
Bornefeld™® 3.4 572 
0.85 1292 
Rosenthal and Schmerber* 0.236 1067 
0.770 653 
0.158 1167 
0.790 +563 
Mahla, Rowland, Shook and 0.117 1950 
Doan*’ 0.256 872 
0.170 1289 
0.228 1210 


Table 13 


Remarks 


Fillet Welds 


0.55 in. plate thickness; butt weld 


First pass; bya in. plate thickness 
Second pass; |"/«-in. electrode 

First pass; {130 amp. current 
Second pass;) Butt welds 


Fillet weld, 0.88-in. plate thickness\ Electrode 
Butt weld, 0.90-in. plate thickness {Gage 8 


Temperature interpolated from curve 


Three passes with covered 

square bars, couples on surface | mild steel electrodes: 16 

0.39-in. square bars, couples on surface |in. diam. for root layer (115 

0.39-in. plates, couples in mid-thickness/amp., 18 v.) 0.13 in. diam 

0.39-in. plates, couples in ie pea layers (90 amp., 
19 v. 


$0.20 in. plate thickness V-weld 


0.39-in. 


Maximum length of zone in the 
direction of welding 

93 amp., 25 v.; 2.10 mm./sec. welding speed)0.47 in. plate thick 

93 amp., 25 v.; 2.10 mm./sec. welding speed| ness 

93 amp., 25 v.; 2.10 mm./sec. welding speed {Welding on side 0! 

141 amp., 25 v.; 4.30 mm./sec. plate 

0.25-in. plate; 111 amp., 33 v.) 

0.75-in. plate; 101 amp., 36 v. \Bare electrode; 1/s in. diam. 

1.00-in. plate; 116 amp., 32 v. {deposited on plate 

1.50-in. plate; 132 amp., 30 v.) 
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from the weld. The highest temperature observed 
by Bihler was 293° F. at an estimated distance from 
the bottom of the weld of about 1 in. 

Shaw made a few temperature measurements in rivets 
during the reinforcement of a riveted joint by welding. 
The highest temperature recorded by him was 717° F. 
in the center of a 0.88-in. thick reinforcing plate at a 
distance of 4/2 in. from the weld. 

Rapatz,® in discussing the properties of various 
electrodes, gave for the covered electrodes the total 
affected zone as extending 0.236 in. from the weld. 
Mild steel plates 0.39 in. thick were used. For the 
“special” electrodes used the heat-affected zone was 
reduced to about 0.118 in. The “special” electrodes 
mentioned were of bare metal with a core of nonmetallic 
slag inclusions. Similarly, the affected zone for gas 
fusion welding extended about 1] in. from the weld. 
Rapatz did not specify how he obtained his results, but 
the way they were presented indicates that they were 
based on microanalysis or hardness readings. 

Complete analysis of the heat-affected zones in welding 
is beyond the scope of this review. A review of the 
literature until 1937 covering the temperature distribu- 
tion during welding was published in this Supple- 
ment.” Subsequent information on the subject 
will be found in the Supplement®.*.* and in the 
Welding Handbook.® 

In view of the complexity of the problem and the 
number of variables involved any attempt at generaliza- 
tion of results is dangerous. The information available 
is seldom complete and such factors as: the exact com- 
position of metal, the speed of welding, current and elec- 
trodes used, type of joint, volume of material and the 
method of temperature measurement are frequently 
omitted. With these limitations in mind Table 13 was 
compiled on the basis of the above references and others 
as given. The data tabulated refer to arc welding of 
mild steel only, and give maximum temperatures 
recorded, and the distance of test points from the weld. 
Temperature distribution derived by means of theoreti- 
cal formulas is not included. 


Properties of Structural Steel at Elevated Temperatures 


There is a wealth of information and test data pub- 
lished on this subject. For the purpose of reference in 
connection with the subject of this review Fig. 45 
reproduced from a letter by Frankland” is considered 
sufficient. Other results differ somewhat quantitatively 
in accordance with the exact composition of material, 
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Fig. 45—Physical Properties of Mild Steel at High Temperatures 


(0.15% C, 0.027% S, 0.027% P, 0.47% Mn, 0.03% Si). The 
Diagram Is from 1924 National Tube Co. Handbook, Frankland’* 
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Fig. 46—Effect of Temperature on the Elastic Modulus of 
Various Steels in Tension, A.S.T.M.** 


the methods of testing and the accuracy of temperature 
measurements. Qualitatively, however, Fig. 45 agrees 
with the results of other investigations, inasmuch as 
they all show an abrupt drop in strength of steel and 
wrought iron beyond the temperature of 800° F. (about 
400° C.) and indicate about one-third of the original 
strength at 1100° F. (about 600° C.). Simultaneously 
with the reduction of strength, proportional limit and 
the elastic modulus decrease, whereas the ductility and 
the tendency to creep increase. 

The references analyzed in qualitative comparison 
with Fig. 45 include: Tapsell and Clenshaw;’* 77 
Martens;’* Bierett;’* Gritning;’* Jenkins and Mellor;” 
Saveur;*! Stoughton;® Ingberg and Sale;** Freeman 
and Quick;** Sale.“ The last three mentioned refer 
to compressive strength tests as showing the same 
trend as the tensile tests reported by the other in- 
vestigators. A broad review of the subject of the 
effect of temperature on metals is contained in the 
Symposium of the American Society for Testing Ma- 
terials. From the first Symposium, published in 
1924, Fig. 46 has been reproduced to show the variations 
of the modulus of elasticity with temperature for various 
composition steels. The data reproduced have been 
taken from the work of Lea*” and Welter.” 


Comments 


The reviewers wish to acknowledge with thanks 
the receipt of comments on the above review from the 
following: A. S. Albright, F. H. Frankland, Jonathan 
Jones, S. O. Jones, N. W. Morgan. 
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the purpose of this discussion to bring out the very 1 
portant step which they represent in our knowledg’ 
of the fundamentals of arc welding. 

In the first place, it is intended to show that the exper 
mental data supplied by the authors of R. P. I. h: 
far better theoretical background than the authors the: 
selves have anticipated. In the second place, 1t '5 
intended to demonstrate that not only are the two 
tems, the R. P. I. and the Lehigh systems, equ1\ 
but that, in effect, they give the same numerical valu’ 
for the rate of cooling. This in itself is a remark 
result considering the very different way of approa: 
both cases. To be sure, both systems have the sai 
basic premises, namely: (1) that the mechanical prop 
erties of the metal adjacent to the weld are for a 
heat entirely determined by the value of the rate 0! 
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cooling in the critical range of transformation of austen- 
ite, and (2) that the rate of cooling associated with arc 
welding is a function only of the welding conditions as 
defined by the joint geometry, preheating temperature, 
arc energy and speed of welding, but is independent of 
the chemical analysis within the limits of plain carbon 
and low-alloy steels. 

On the basis of these premises it is possible to establish 
4 relationship between the mechanical properties of the 
metal adjacent to the weld on one side and the welding 
conditions on the other side through the knowledge of 
the rate cooling. But whereas the investigators of 
rR. P. I. actually have set out to measure the rate of 
cooling associated with arc welding, the authors of 
Lehigh have circumvented this determination by 
means of a calibration. The use of the Jominy bar 
as a measuring stick appears to be the most ingenious 
scheme in this whole ingenious system. 

To be sure, an indirect calibration always leaves some 
indetermination as to whether the value itself is meas- 
ured, or only its function. But this in itself is entirely 
indifferent for the success of the method, as pointed 
out previously by the father of this whole concept, 
Dr. Kinzel. To make this idea more clear consider a 
spring balance which has been calibrated by some un- 
known units of weights. Such a balance can still be 
used successfully to compare and calibrate various loads, 
although their weight as expressed in standard units 
may not be known. But it will suffice to weigh only 
one known load to recalibrate the balance according to 
the standards. That's what now has become possible 
thanks to the very impcrtant contribution made by 
the authors of the R. P. I. Speaking of their work, I 
cannot but admire the elegant way in which they have 
combined two theoretical solutions of heat flow in 
butt welds, one for a very thick plate, and the other for 


800 


a very thin one, to obtain a simple expression for inter 
mediate plates which are neither too thick nor too thin. 
The whole problem is then reduced to an experimental 
determination of only two coefficients which they call 
8 and I.F. (input factor). The most interesting result 
of this determination is that given a proper, high rate 
of cooling even a relatively thin plate may behave like 
a thick plate and vice versa. In the first case, the value 
of the coefficient 8 comes out to be one, and in the second, 
zero. Ii 8 is a fraction, then the behavior of the plate 
is intermediate between a thick and a thin one. Al 
though this idea sounds fairly logical now, it has not 
been so obvious until the actual measurement had been 
made. 

The importance of this result is further enhanced by 
the fact that allowing for some reasonable approximations 
the experimental data are fairly well checked by a 
formula which the writer has derived some years ago.' 
This formula permits the calculation of a correcting factor, 
which when applied to the solution of a very thick, 
theoretically infinite, plate accounts for the effect of 
finite thickness. As shown in the appendix the agree- 
ment between the so computed and measured values 
lies within +15%% in the critical range of temperature. 
Now the computation has involved. no other factors 
than the ones used to define the welding conditions: 
namely, energy input, plate thickness and preheating 
temperature. Therefore, the same must be true for 
the experimental coefficients 6 and (I.F.) which the 
authors of the R. P. I. have introduced to account, the 
former for the effect of thickness, the latter for the 
effective heat input. It happens, however, that these 
coefficients still depend on other variables involved in 
welding. On the basis of the foregoing discussion it is 
possible to state that this is so not because of new 
factors unaccounted for by the theory, but because of the 
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simplifications made by the authors of the R. P. I. This 
circumstance does not make their system less reliable; 
on the contrary, in the opinion of the writer, it makes it 
rather more reliable. . 

To prove now the equivalence of the two proposed 
systems use will be made of the following implications 
of the theory: 

The rate of cooling at a given temperature, say at 
1300° F., measured close to the weld varies: (1) as 
the converse of the energy input per linear inch of plate 
measured in the direction of the weld, in very thick 
plates,* and (2) as the converse of the second power of 
the heat input per sq. in. of plate measured in the 
direction of weld, in very thin plates.* 

The coefficient of proportionality depends only on 
the input factor, as defined by R. P. I., and the pre- 
heating temperature. 

For intermediate plates (8 = 0.6—0.7) the rate of cool- 
ing follows roughly the same law as for thick plates, 
but the coefficient of proportionality no longer is in- 
dependent of the thickness. As shown in the appendix, 
it is roughly proport onal to it. 

In Fig. 1 the experimental values of the coefficient 
of proportionality have been plotted against correspond- 
ing rates of cooling in ° F./sec. at 1300° F. using 
data of R. P. I. and Lehigh for top pass butt welds at 
room temperature. The coefficients have been com- 
puted under the assumption of a very thin plate. 

It is seen that the '/,- and '/2-in. thick R. P. I. plates 
(continuous lines) follow fairly well the implication of 
the theory of thin plates throughout the whoke range of 
rates of cooling. The same is true for the '/,-in. thick 
Lehigh plate; the '/2-in. thick Lehigh plate behaves likea 
thin plate only for rates of cooling smaller than 60° F./- 
sec., and the 1-in. thick Lehigh plate, as expected, does not 
behave at all like a thin plate. As for the value of the 
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coefficient itself, R. P. I. data suggest a small change of 
the energy input factor with plate thickness. This 
influence does not appear in the Lehigh data within the 
limits of experimental error. But the most important 
conelvsion to be drawn from this figure is that the 
value of the coefficient of proportionality is very nearly 
the same for the Lehigh and R. P. I. series. Thus both 
systems give the same numerical value of the rate of 
cooling, despite entirely different methods of measure- 
ments. This agreement is a remarkable result. It 
proves that both systems have established a common 
and equally reliable basis for measurement. 

A glance at Fig. 2 shows that the agreement is less 
satisfactory when using data and calculation for thick 
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0.75 1.0 1.25 
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Fig. 3—The “Intermediate” Behavior of Plates of Different 
Thicknesses in Function of Times. Speed of Welding 0.3 
Cm./Sec. 
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plates. To be specific the discrepancy affects only the 
jin. thick Lehigh plate. This plate seems to behave 
rather like an intermediate plate with 8 around 0.7. 
So seems also the '/:-in. thick Lehigh plate for rates of 
cooling higher than 60° F./sec. In both cases the 
coefficient of proportionality is very nearly proportional 
to the plate thickness. 

The reason for the different behavior of these two 
plates as compared to that of the corresponding R. P. I. 
plates is not obvious. It could be found perhaps when 
comparing more carefully the welding conditions in both 
cases. But other factors may also be important. 

This discrepancy and probably some others to be 
expected with higher preheating temperature appear, 
however, aS minor issues in regard to the main results 
brought out in this discussion. It may be said in pass- 
ing that the relations represented by diagrams in Figs. 
| and 2 give theoretical support to the somewhat em- 
pirical concept of the Geometry factor developed at 
Lehigh. 

It is customary to bring out in a discussion some kind 
of a constructive criticism to further new ways of re- 
search and investigation. The author of this discussion 
will be excused for not having complied with this custom 
and for having offered only praise for a work which he 
considers as a milestone in the Welding Research. The 
fact that both systems could be brought in agreement 
by the use of the theory of heat flow is the most gratify- 
ing result, in so far as the author of this discussion is 
concerned. But he is aware that the implications of 


these two researches are more far reaching than that, 
and he wishes to congratulate not only the authors of 
these two researches, but also the Welding Research 
Council and the Weldability Committee for having 
made possible this important contribution to the Science 
of Welding. 


APPENDIX 


Heat Flow in Plates of Finite Thickness During Arc 
Welding. Verification of the Theoretical Formula 


It may be shown‘ that for a single bead deposited 
flush with the surface of a very large plate of thickness, 
g, the temperature along the bead is given by the follow- 
ing equation: 

T To == 

where 

R, = V (VS)? + (2g)2, Re = V(VS)? + (2 & 2g)?, (A) 
etc. 


The symbols entering this formula and the assumptions 
on which it has been based are the same as those used in 
Equation 1 of R. P. 1.5 

Put for brevity: 


ky = VS, ke = VS, 


then Equation A becomes: 


l O 
-h= : 3 
— To = VS # (B) 
where 
1) 1 
ky ko 


By differentiating (B) with respect to time S there 
follows: 


0/8 


22 
- 100 °C. 

200 °C. 
- 22°C. 


THERMAL CONDUCTIVITY K, CAL SEC. CM. °C. 


200 400 


TEMPERATURE 7,°C. 


Fig. 4—Values of Thermal Conductivity K, Derived from the Equation of Heat Flow in Arc Welding 
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where 
% AV2S(k l 
pi= ] [AV*S(ki — — 1] —....(E) 

or, eliminating S from Equations B and D: 


It will be noted that uw and u! are rapidly convergent 
series so that few terms are needed to obtain a reasonable 
approximation. 

Equation F is similar to that found for a plate of 
infinite thickness and becomes identical with the latter 
if = 

Figure 3 shows how this last condition is approximated 
in plates of various thicknesses in function of periods 
of time S = 5, 10 and 20 sec. after passing of electrode. 
The computation has been made by assuming A = 
4.37 sec./em.* and V = 7.1 in./min. (= 0.3 cm./sec.). 
But the plot will not be altered materially, if V = 11.8 
in./min. (= 0.5 cm./sec.). 

It is seen that the 1'/s-in. thick plate behaves like an 
infinite plate up to 20 sec. after passing of electrode, 
the l-in. plate up to less than 10 sec., and the */4-in. 
plate only during the first few seconds. The '/2-in. 
plate practically never behaves like an infinite plate 
and, of course, the '/,-in. plate even less so. These 
results are in entire agreement with the findings at 
R. P. I. It is also seen that other things being equal 
the coefficient y'/y? is roughly proportional to the plate 
thickness for all values of u'/u*? smaller than 1. 

To check now the validity of the formula F, use will 
be made of the experimental weld cooling curves pub- 
lished by the authors of R. P. I.’ 

To this end the formula F will be rewritten as follows: 
or 
oS J 

4.185 2.54 2rK(I.F.) = 66.5K(1.F.) (F’) 


In this formula 2.54 represents a conversion factor to 
allow Q/V to be measured in Joules/in., instead of 
Joules/em., and (I.F.) an input factor whereby Q/V 


Reviews of Recent 
Foreign Welding 
Literature 


EpirorR1AL Note—TZhe Welding Research Council 
is unable to obtain current foreign welding literature and 
these abstracts are taken from the Welding Literature 
Review published by the Institute of Welding. 


THE STRESS-RELIEVING AND NORMALIZING-ANNEALING 
OF WELDED ASSEMBLIES. (IN SWEDISH). TJeknisk 
Tidskrift, vol. 73, 1943, July 17, pp. M69—M78). 


The author presents and discusses the results of tensile 
tests on specimens of weld metal and welded joints in the 
as-welded, the stress-relieved and the normalized states. 
It is shown that in many cases stress relieving, which is 
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can be expressed directly in terms of arc energy ; 
of effective heat input. To be consistent with the 
theoretical assumptions, (I.F.) may depend only on th. 
way in which the energy is transferred from the ar, 
to the area outside of the fusion zone, but may not de. 
pend on the variables involved in the formula F. 
these circumstances, it is expected that (I.F. 
be fairly constant as long as the size of the fusion zon¢ 
is small compared to thickness, as a rule in plates mod. 
erately preheated and over '/» in. thick. 

But by assuming a constant value of (I.F) the right. 
hand side of Equation F’ depends only on the therma! 
conductivity K; which in turn is a function only of the 
temperature 7, since the influence of carbon conten 
may be disregarded practically in low-carbon steels.‘ 
As for the left-hand side of Equation F’, all quantities 
entering this side can be either directly taken or readily 
computed from the experimental weld cooling curves 

If this is done by putting as previously \ 1.37 
sec./cm.?, then assuming furthermore (I.F.) = 1, dia 
gram, Fig. 4 is obtained. The two continuous lines 
in this diagram represent two sets of values of K re. 
ported for very low carbon steels in Metals Handbook. 
1939. The values of K calculated by means of formula 
F’ are shown as separate points. They were taken for 
4 plate thicknesses, 3 heat inputs in each case, and 3 pre- 
heat temperatures. 

It is seen that most of the experimental data ap 
proach the continuous lines from one side or another, 
with an error that is smaller than 15%. The error js 
greater for some of the inked points. They correspond 
to a higher preheat and/or higher heat input. [ 


stead 


Under 
will 


this case, the discrepancy may be ascribed to a much 
larger fusion zone than in other cases. But on the whol 
the scatter is not inconsistent with the theoretical 
approximations and experimental errors, and the dis 
crepancy between formula F and the experiment cer 
tainly is not greater than between the two systems r 
viewed in the present discussion. 
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less expensive than normalizing, provides adequate 
protection against the risk of cracking in welded assem- 
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1614-1618 and 1620.) 

The various heat treatments given subsequent to 
welding and their merits are described. Hot hammering 
of gas fusion welds is advocated for certain conditions 
only, but is not recommended for electric arc welding. 
Annealing enhances the quality of autogenous welds 
and also improves electric arc welds made with coated 
electrodes. The best results are stated to be obtained 
by a combined hot hammering and subsequent annealing 
treatment, especially with gas fusion welds. It is pointec 
out, however, that similar results can often be obtained 
by a suitable welding technique also. (Abstracted i” 
Metrop- Vickers Tech. News Bull., 1943, Sept. 10, p. 7 
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Behavior of Welded Joints 


at Low Temperatures 


A Review of the Literature to January 1, 1943 


By W. SPRARAGEN* and M. A. CORDOVI' 


This report is prepared under the auspices of 


THE LITERATURE COMMITTEE OF THE ENGINEERING FOUNDATION 
WELDING RESEARCH COUNCIL 
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Atomic Hydrogen Welds 102-s Static Tensile Properties 
Austenitic Steels... .. 102-s Carbon Steels 
Nonferrous Materials 1064 ‘ 
Copper _-103-s Tensile strength, yield point, hardness and modulus of 
Brees. . 103-s elasticity tend to increase, and ductility slightly to de- 
Sronze. 193-6 Crease, with decreasing temperature. This undoubtedly 


Nickel and Monel Metal. _ 193-, 1S due to some restraint of plastic flow at these low tem- 
104-¢ peratures. Restraint due to sharp changes in section 


Aluminum and Its Alloys .. 


FATIGUE PROPERTIES ; oS 105-s notches, or poor welds, tends to exaggerate this pheno- 
Gearsi..... Sd 105-s menon. In general, the welds (gas, arc, resistance and 


Results of Tests. 105-; atomic hydrogen) tend to maintain the same ratio to the 
Impact PROPERTIES unwelded plate at low temperature as they do at room 
General....... 106-s temperature, in so far as tensile strength and ductility 
107-< areconcerned. A weld which has higher, or lower, tensile 


Deonidation Practice and Grain Size. 107-s Strength will maintain these relationships. However, 
Carbon Content 10g-; this statement only applies to good welds. In poor welds 
Shape and Location of Notch 109-s the effect of notching is still worse. 

Alloy Steels. 109-s 

Nickel Steels 119-s Austenitic Steels 

wteeis... 

Effect of Nitrogen ' 113-s Chromium-nickel austenitic steels possess excellent 

Heat Treatment... ; 114-s properties at subzero temperatures. 


In general, the same relations exist between welded 
joints in austenitic chrome-nickel steels and the parent 
metal as do in the low-carbon steels at low temperatures 


* Executive Secretary, Welding Research Council. 
t Research Assistant, Welding Research Council. 
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in so far as tensile changes, ductility and yield point are 
concerned. One investigator observed a consistent slight 
falling off in strength from room temperature to about 
—20° C., and then an increase thereafter. As in mild 
steel, no deleterious phenomena seem to be observed in the 
static behavior of arc, gas and resistance welds in austenitic 
chrome steels at low temperatures. Austenitic steels 
exhibit good cup and cone failures at these low tem- 
peratures, which phenomenon is not always found in 
plain and low-carbon steels at the low temperatures. 


Aluminum and Its Alloys 


The tensile properties of pure aluminum, Al-Mn, 
Al-Mg and Al-Mg-Mn alloys, follow the general trends 
which are characteristic for steels and other metals at 
subnormal temperatures. 


Copper and Its Alloys 


Gas welds in pure copper and in brass plate showed 
increased tensile strength and, also, increased ductility 
at low temperatures as compared with room temperatures. 
The same is true of bronze welds made in mild steel. 


Nickel and Monel Welds 


Are and gas welds in nickel and Monel increase in 
tensile strength with some loss in ductility as the tem- 
perature drops. However, “notch” effect in poor welds 
tends to sharply decrease plastic flow. 


Fatigue Properties 


Fatigue strength, like tensile strength, tends to 
increase with decreasing temperatures. The endur- 
ance limit of welded austenitic chrome-nickel steel and 
mild steel, as determined by short-time tests with 
polished specimens, seems to give a slight indication of 
increase at subnormal temperatures. However, atten- 
tion is called to the fact that the reported results were 
determined by the rise of temperature method which 
would not show conclusively any marked changes in the 
endurance limit at low temperatures. 


Impact Properties 


Investigators have shown rather conclusively that the 
notched-bar impact test is by far the most sensitive 
method of determining the adverse effects of low tem- 
peratures upon steel. 


Deoxidation Practice 


Carbon steels which have received special treatment 
in the melting process are satisfactory for service to 
about —100° F. while steels which have not been so 
deoxidized retain only a small amount of their room 
temperature notch-impact resistance below 0° F. Fine 
grain size in the heat-affected zone of a multilayer weld 
often results in satisfactory low-temperature notch im- 


pact value even in steels that are brittle at low tempera- 
tures. 


Carbon Content 


Low-temperature notch-impact resistance tends to 
decrease with increasing carbon content. 


Shape and Location of Notch 


The A.S.M.E. impact requirements for welded con- 
tainers down to —150° F., specify an Izod or a Charpy 
specimen, both with Charpy keyhole notch. Accordingly, 
three specimens with notch in the heat-affected zone and 
an equal number of specimens with notch in the weld 
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as likely to be adverse as beneficial, and particularly so 1! 
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metal are averaged. The specimens are taken across the 
weld and their width, depending on the plate thickneg 
may be 2.5, 5 or 10 mm. = 


A.S.M.E. Impact Requirements (Ft.-Lb.) for Subzero 
Welded Containers 


Cross Section of 


Specimen, 0 to —75° F. —76 to —150° F 


Mm. Charpy Izod Charpy Izod 
10x 2.5 5 4 2 
10x 5 10 10 4 
10 x 10 15 18 10 | 


In one investigation, plain carbon and alloy stee} 
specimens with notch in the side of the weld had 20% 
lower notch impact value than the specimens with notch 
in the face of the weld at temperatures ranging from 
—80 to +200° C. 

Alloy Steels 


Adequately treated low-alloy steels are superior to 
plain carbon steels and tend to retain ample impact 
strength at very low temperatures. 

Charpy values of 12 to 30 ft.-lb. at —50° F. are easily 
obtainable in heat-treated (quenched then drawn for 
2-36 hr. at 650° C.) specimens. 

In general, as-rolled or normalized steels of the low- 
carbon, copper-chromium combination possess very good 
low-temperature impact properties and can be welded 
without fear of air hardening. 

Good Izod values for V-butt welds made transverse to 
the direction of rolling in aluminum-treated copper 
chromium steel were reported by one set of investigators 
The plates were ‘/, in. thick and contained 0.12 C, 0.5 
Cu, 0.75 Cr. The welds were stress annealed at 650° 
C. and the notch was at the scarf. Values of 15 to 48 
ft.-lb. were obtained in Izod tests at — 120° C. 


Nickel Steels 


Nickel generally improves low-temperature properties 
of steel, but its use does not overcome the effects of poor 
deoxidation and finishing practice. In 2'/,% nickel steel, 
Charpy values of 20 ft.-Ib. are readily obtainable in welds 
and plate materials. Long periods of exposure to these 
temperatures have no effect. Charpy values of 35 it.- 
Ib. in plates and welds at — 100° F. are reported in heat- 
treated 3% nickel steels. Another group of investigators 
concluded that, provided the soundness as determined 
by radiographic examination is satisfactory, welds made 
with heavy coated nickel steel electrodes (2.50%) N1, 
0.20% Mo) will meet most requirements for impact re- 
sistance at temperatures down to —150° F. (—101° C 
Charpy values of 29 ft.-Ib. in the weld and in the heat- 
affected zone, at —60° F., have been reported for NAX 
high-tensile steel (0.10—-0.18 C, 0.60-0.75 Mn, 0.10-0.25 
Ni, 0.15 Mo max.) arc welded with a mineral coated filler 
rod. 


Nitrogen 

Most investigators agree that a high nitrogen content 
in the weld metal sharply lowers the notch impact valu: 
at all temperatures. Additions of nickel and copper tend 
to offset this effect to some extent. 
Heat Treatment 


The general consensus is that in so far as small notch 
specimens are concerned heat treatment such as nor- 
malizing or stress relief have little effect on values ob- 
tained at low temperature. The heat treatment is jus! 
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the nitrogen content of the weld metal is high. This does 
not alter the fact that stress-relieving treatment is 
beneficial to a structure as a whole subject to low tem- 
peratures although adequate scientific proof may still be 
Jacking. 
“ast Steel 

Atout the same behavior can be expected at low tem- 
peratures from welds in cast steel as in rolled steel of the 
samme composition. 


Aluminum 


Gas welds in aluminum behave almost equally as well 
at low temperatures (— 120° C.) as at ordinary tempera- 
tures. One investigator reports that the room tempera- 
ture notch-impact value of pure aluminum increased 
15% (welded) and 35% (unwelded) as the temperature 
was lowered to —195° C. 


Silumin 

The notch-impact values of gas-welded 12.5% Si- 
Al alloy indicate relatively low notch-impact resistance 
at ordinary and low temperatures. 


Introduction 


N NUMEROUS engineering applications weldments 
are subjected to subnormal temperatures and a 
knowledge of the behavior of welded joints under a 

combination of stresses and low temperatures is essential. 

The subject of low-temperature properties of welded 
joints appears to have received comparatively little 
attention despite the apparent need for reliable informa- 
tion. The published data available do not permit defi- 
nite conclusions. 

The terms low, and subnormal as used in this 
report, refer to temperatures below normal, room tem- 
perature. A definite temperature range is given wherever 
these terms are used specifically. The subject of welding 
at low temperatures is not considered in this review. 


Apparatus and Methods of Making Low-Temperature 
Tests 


General 


The standard equipment employed in making static 
and dynamic tests at normal room temperature is easily 
adapted for low-temperature testing. Some special 
attachments and typical cooling arrangements are shown 
in Figs. 1, 5, 26, 27 and 28. 

Russell," Hopkins? and others”-" give the following 
general methods of testing at low temperatures: 

1. Cooling the room in which the testing machine is 
located to the desired testing temperature. This method, 
while not always possible and practical, nevertheless 
affords the best means of testing under uniform tempera- 
ture conditions. One instance of an entire laboratory 
being refrigerated to —40° C. and maintained at that 
temperature for several weeks has been reported by 
Johnson and Oberg.® 

2. Arather frequently used method is to enclose the 
specimen and the adjacent portion of the testing ma- 
chine in a suitable, insulated vessel. The cooling medium 
is placed into the vessel prior to the test and, if necessary, 
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same values at 
this was the same as the base metal. 


Behavior of Welded Joints at Low Temperatures 


WELDED JOINTS AT LOW TEMPERATURES 


Monel 


Monel are welds had 78 ft.-lb. Charpy impact value at 


room temperature and 73 ft.-Ib. at —310° F. 


Tensile Impact Tests 


At relatively low speeds the tensile impact test is not 


as critical at low temperatures as the notched speci- 
mens. 


Resistance butt welds and atomic hydrogen welds 


showed rupture energy values at —80° C. about 20% 
less than at room temperature. 
peratures the values were about 80° of the unwelded 
mild steel plate for the resistance welds and 70°% for the 
atomic hydrogen welds. 
only half of the impact values of the base metal at room 
temperature and C 


At both of these tem- 


Bronze-welded joints showed 


Arc and gas welds in 18-8 Cr-Ni steels gave even better 


tensile impact values at low temperature than at room 
temperature thus maintaining about 80°) of the tensile 
impact value of the unwelded base metal. 


Gas welds in aluminum alloys 43 and 195 T, gave the 
—80° C. as at room temperature and 


additional refrigerant may be added during the test 
(see Fig. 1). 

3. A convenient method for short-time tests, such as 
single-blow impact, is to cool the specimen in a suitable 
bath and transfer it to the testing machine in a definite 
period of time (usually 4 to 8 sec.). It is common prac- 
tice to cool the specimen a few degrees (about 3° F.) 
below the testing temperature in order to compensate 
for the temperature rise during the time of removal from 
the cooling bath and the moment of test. The handling 
tongs and clamping mechanism are precooled to the 
same temperature as the specimen. 

4. Russell’ also lists low-temperature tests in climates 
where “room temperature” is suitable. In 1837, Fair- 
bairn‘ carried out an extensive investigation to determine 
the relative merits of cast iron made by different proc- 
esses. The specimens were tested outdoors during an 
intense frost and as a check, additional specimens were 
tested while surrounded by snow. The results were in- 
consistent and erratic. 


Cooling Media 


For cooling to: 


—20° C. (—4° F.) iced water or brine: * 

—80° C. (—112° F.) regulated amounts of solid CO, 
in acetone, alcohol or ether’: 

— 150° C. (—238° F.) liquid air and ether or liquid 
propane”: 16, 35, 36 

at — 183° C. (—292° F.) straight liquid air™: 

at —253° C. (—423.4° F.) Haupt and Krisch® used 
liquid hydrogen. The specimens were maintained 
at this temperature by enclosing them in paper 
boxes which were kept filled with the refrigerant 
during the test. 


Temperature Measurement 

Liquid-in-glass thermometers find a wide application 
in laboratory routine work as they offer the simplest 
means of temperature determination. Toluol thermome- 
ters are satisfactory down to —148° F. and calibrated 
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(a) Cooling Flask (b) 


pentane thermometers—down to —328° F., according 
to Hopkins and Blumberg.* Holler and Schnedler™: ™ 
used pentane thermometers for measurements down to 
— 200° C. (—392° F.). 

Where greater accuracy is desired, thermocouples 
should be employed. Iron constantan or copper con- 
stantan thermocouples are usually used. 


Static Tensile Properties 
General 


The apparent lack of interest in the low-temperature 
tensile properties of metals may be attributed to the 
comparatively small change in the tensile properties 
which metals generally undergo at low temperatures. 

Several investigators’: 7 have expressed the opinion that 
there is no urgent engineering need for such data as in no 
case were the tensile properties of metals found to be ad- 
versely affected by refrigeration. I. Harterand E. F. Wil- 
son (private communication, August 1943) point out, 
however, that in actual welded structures which have not 
been stress relieved and where contraction due to a drop 
in temperature is opposed by restraint and poor plastic 
accommodation at these temperatures, knowledge of the 
low-temperature static properties as influenced by the 
weld metal quality, location, section and surface condi- 
tion is essential. 

The general trends of the tensile properties as in- 
fluenced by low temperatures have been summarized 
by Russell' as follows: tensile strength, yield point, 
hardness and modulus of elasticity tend to increase and 
ductility slightly to decrease with decreasing temperature. 
Nevertheless, Hopkins’ calls attention to the fact that an 
increase in tensile strength does not necessafily imply 
that it will be safer to use a metal at a low temperature 
rather than at some higher temperature. Shock resist- 
ance or impact should be the criterion and be given major 
consideration in every case. 
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Method of Mounting Flask on Testing Machine (c) 


Fig. 1-Testing Arrangement and Attachments for Tensile Tests at Low Temperatures. Henry" 
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Extensometer 


Plain Carbon Steel 


The effects of deoxidation, carbon content and heat 
treatment on the low-temperature mechanical properties 
of carbon steels are discussed in the section on Impact 
Properties. 


Oxyacetylene Welds-——-A comprehensive investigation 


to determine the low-temperature static properties ol 
oxyacetylene single-V welded plain carbon steel plates 
has been carried out by Holler and Schnedler.” Th 


specimens were produced from 0.13 and 0.42°% C steel 
plates, 0.39 in. thick, and measured 9.4 in. over-all length 
3.9 in. gage length. The room temperature physical 
properties of the unwelded 0.13% C steel plate wer 
69,800 psi. tensile strength, 27.99% elongation, 65°, rr 
duction of area, 131 Brinellhardness. The corresponding 
values for the 0.42%, C steel were: 108,500 psi. tensil 
strength, 16.9% elongation, 39.2%, reduction of ar 
211 Brinell hardness. The testing arrangement w 
essentially the same as the one shown in Fig. 1. As coo! 
ing medium was used a mixture of liquid air and ether 
The results, respresented in Fig. 2, reveal thet strengt! 
invariably increased as the temperature was lowered 
to —195° C., the greatest increase (72°7,) being at 
tained by the unwelded 0.13% C steel. The welded 
value for this steel was close to that for the unwelded 


With the 0.42%, C steel, the welded and unwelded values 


were not comparable and the average increase in stre: 
was 25 to 30°7, smaller than that of the 0.13°7, C steel 
The difference in values between the two steels was att! 
buted by the authors to the higher carbon content whi 
as shown later, was found to affect adversely also the | 
temperature impact properties. The treatment of 
steels prior to welding is not stated. Ductility showed 
appreciable decrease with both welded and unwelcd 
specimens, the elongation and reduction of area bets 
the order of 1 to 4% at —195° C. As could be expect: 
higher ductility was exhibited (down to —195° C.) by 
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the 0.13% C than by the 0.42% C steel. 
occurred in the weld. 

Henry’ reported that oxyacetylene welds had approxi- 
mately the same strength as unwelded mild steel plate, 
when the welding was done with a “high-strength” rod 
0.18 C, 1.00 Mn, 0.40 Si, 0.03 S, 0.02 P), whereas, in 
using “low-strength” welding rod (0.06 C, 0.20 Mn, 
001 Si, 0.03 S, 0.02 P), strength and ductility were 
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Fig. 2—Static Tensile Properties of 0.13% C and 0.42% C 
Steels at Subnormal Temperatures. 


found to be inferior to both the ‘high-strength’ 
and the unwelded base metal, as shown in Table 1. 
Arc Welds.—Tensile strength increased from 68,000 
psi. at 20° C. to approximately 78,000 psi. at —60° C. 
and then decreased to 65,000 psi. at — 180° C. in Chern- 
yak’s” a.-c. are-welded low-carbon steel. The electrode 
(0.15-in. diameter, 170-210 amp.) was covered with 23% 
feldspar, 24.70% Fe.O;, balance ferromanganese and chalk. 
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Table 1—Average Tensile Properties of Unwelded and Oxyacetylene Welded Mild Steel. 


Henry’ 
Elongation, % in 
Tensile Strength, Psi. 2 In. Reduction of Area. 

* 'C. B H B L H B H 

+24 58,200 43,500 56,200 388 14 23.5 54 23.5 53 
0 61,400 42,300 55,300 a 7 10 54.5 7.8 16.5 

—15 62,000 42,500 60,300 38 ll 26 54 15 a 
—80 70,000 45,600 70,800 39.5 1.5 27 49.5 1.6 56.5 


B = unwelded base metal. L = low-strength welds. H = high-strength welds. 


Table 2—Tensile Strength (Psi.) of Resistance Butt Weld and Mild Steel Base Metal. Alfson‘ 


Temp., °C. Tensile Strength, Psi. Elongation, % in 2 In. Reduction of Area, % Remarks 
+20 71,100 (69,000) * 17.19 (36.2) 27.6 (51.9) All specimens fractured in ¢} 
0 70,400 ( ... ) base metal 
— 20 74,100 (73,550) 21.9 (36.2) 49.4 (50.0) 
—40 75,600 (76,800) 95.0 (36.2 50.6 (50.3) 
—60 S700 { 76i....) | 
—81 85,000 (83,450) 25.0 (39.5) 51.4 (49.9) 


* Values in parentheses for unwelded base metal. 


However, the strength of gas welds made in the same =~ ms 
steel showed an uninterrupted increase from 48,500 psi. 


Table 3—Average Static Tensile Properties* of Electric Butt 


at room temperature to 71,100 psi. at —183° C. and Welds at Low Temperatures. Henry’ 
compared favorably to the strength of the unwelded Tensile Elongation, a 
plate. Temp., ° C. Strength, Psi. % in 2 In. of Area 

Resistance Welds.—Alfson® used standard (0.505-in. +20 71,000 (58,400)+  15.0(38.0) 27.8 
diameter) specimens to determine the tensile strength of 0 72,000 (62,06 “<4 20.5 (33 ) > o 

. —20 4,900 (63,800 22 36 49.4 
resistance butt welds made in */,-in. thick mild steel OF 

plate. The base material was composed of 0.25 C, 0.57 —60 81,000(... ) 19.3(..) 30.0 
Mn, 0.022 S and 0.016 P. The results, Table 2, indicate —80 83,000 (70,000) 26.5 (40.2) 49.5 
that the strength of the welds increased steadily as the * Values obtained from small scale graphs (estimates 
temperature schon lowered to ree C. and reached = t Values in parentheses—for unwelded base metal 29 C 
maximum value of 85,000 psi. (28% elongation in 2 in., 0.57 Mn, 0.022 S, 0.016 P) 
45° reduction of area) at —80° C., the lowest testing t Standard 0.505 tensile specimens. 


temperature. The unwelded plate exhibited lower a 
strength but higher ductility in this temperature range. 

Similar results on butt-welded 0.25 C steel plates 
were also reported by Henry.’ The higher strength and 
lower ductility of the welded joint as compared to the 
unwelded plate (Table 3) is not unexpected in view of 
the comparatively wide heat-affected zone in the resist- was again observed in tests on metallic are and oxyacety- 
ance welds. lene butt welds in */,-in. plates (16-20 Cr, 8-12 

Atomic Hydrogen Welds.—Atomic hydrogen welds in 9.50 max. Mn, 0.50 max. Si), according to Henry, Cor- 
mild steel gave erratic results, according to Alfson* and qjano and Umanoff.2. The welded plates were annealed 
Henry.’ Both strength and ductility decreased sharply at 1950° F., air cooled and tested at temperatures rai 
at 0° C. to increase again at —40 to —60° C. The 


to —20° C. and then increased to 120,000 psi. at — SO” ( 
Ductility did not show any definite trend and, therelore, 
no conclusions could be drawn. 

A similar reversal in strength between 0 and — 20° ( 


; : , Piece ing from +20 to —80° C. The tensile strength oi the 
maximum static values obtained at —40 to —60° C. base metal increased from 95,000 psi. (66% elongatior 
(70,000 psi. tensile, 607% reduction of area, 23% elonga- jy 2 in., 80% reduction of area) at room temperature 


tion in 2 in.) were comparable with unwelded base metal. 


. 171,000 psi. (49% elongation, 60% reduction of area 
From the rather large spread in values, Henry concluded 


: - at —80° C. The corresponding values for the welded 

that the welds were not of uniform quality. joints were 83,000 psi. (31.7% elongation, 25.7% reduc: 

“5° tion of area) at +20° C. and 130,000 psi. (22.5% elonga- 
Austenitic Steels )at + I 


tion in 2 in., 20.5% reduction of area) at —80° C., Table 
Chromium-nickel austenitic steels possess excellent 4. 
properties at subzero temperatures, the only objection Chernyak, Golubeva and Steinberg™ tested d.-c. arc 
to their wide use for such service being their high cost. welds made in chromium-nickel plate (18.71 Cr, 10.5), 
Henry, Hirshkowitz and Wicks" investigated the 0.18 C, 0.6 Ti). The tensile strength of the unweldec 
static tensile strength of are welds made in */s-in. thick plate showed an average increase of 120% as the tem 
stainless steel plates (0.06 C, 19.89 Cr, 9.21 Ni) at 20 to perature was lowered from +20 to —183° C. The spect 
—80° C. The plates were welded with low-carbon aus- ~mens failed with a cup and cone fracture revealing a {ine 
tenitic filler rods which had the following analysis: grained structure. The values obtained for the welds 
0.083% C, 19.72% Cr and 8.91% Ni. .The tensile were comparable with those for the base metal. | h¢ 
strength of the unwelded base metal showed a steady rather sharp decrease in ductility at —60 to —1IS 
increase from about 95,000 psi. at room temperature to was explained by the nonhomogeneity of the weld mm tal 
approximately 150,000 psi. at —S80° C. The tensile This explanation was also forwarded by Henry and | 
strength of the welded joints decreased from 80,000 to workers'! to account for the inconsistency in duct: ity 
75,000 psi. as the temperature was lowered from +20 values exhibited by arc-welded 18-8 joints. The metallic 
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Table 4—The Effect of Low Temperatures on the Tensile Pro 
Cordiano and 


Proportional Limit, 


Temp. of Test, Tensile Strength, 


rties of Stainless Steel Welds and Base Metal. 


Henry, 
manoff!? 


Elongation, Reduction of Modulus of 


*'G: Psi. Psi. % in 2 In. Area, % Elasticity, Psi 
Base Metal Tests 

+20 95,000 17,500 66.0 80.0 29.2 XK 108 

0 125,500 23,000 58.5 74.5 28.8 X 10° 
—20 137,500 26,500 45.5 57.2 28.8 X 108 
—40 156,300 25,000 54.2 68.5 28.1 X 10 
—60 163,000 27,500 55.5 69.0 31.2 X 105 
—80 171,000 22,500 49.0 60.0 29.6 X 10° 

Weld Tests 

+21 83,300 22, 500 32.5 27.5 27.1 X 108 
+21 82,000 25,000 31.0 24.0 26.9 X 108 

0 103,500 25,000 34.3 25.5 26.9 X 10° 

0 104,500 25,500 40.5 35.5 28.9 * 108 
—20 92,000 25,000 22.5 17.0 28.1 X 10! 
— 20 84,000 30,000 21.0 7.0 31.8 XK 10 
—40 103,500 25,500 19.3 42.0 29.6 X 10% 
—40 133,000 25,000 23.0 25.5 30.5 * 108 
—40 101,000 25,000 21.0 17.0 31.6 X 108 
—60 97,500 27,500 17.0 15.0 29.6 X 105 
—60 93,000 25,000 17.0 23.5 32.9 105 
—80 121,000 22,500 19.3 23.5 30.4 X 108 
—80 130,000 22,500 22.5 20.5 28.0 X 108 


arc welds were claimed to be decidedly superior to gas 
welds made in the same steel (no details). 

Using the equipment and type of specimen described 
in the previous section, Holler and Schnedler” determined 
the low-temperature static properties of an austenitic 
Cr-Ni steel designated as ““NCT 3-St” and containing 
24.66 Cr, 19.25 Ni, 1.15 Mn, 1.40 Si, 0.08 C. The 
0.39-in. thick plates were arc butt welded with ‘“Gries- 
heim Therma” electrodes (no details). The results are 
shown in Fig. 6 where are plotted also the values obtained 
for a Cr-Mo steel ‘““Remanit 1740” (17.68 Cr, 0.40 C, 
1.8 _ that had been are welded with “Griesheim- 
MAS” electrodes (no details). The curves representing 
the & temperature tensile properties of the welded and 
unwelded specimens, Fig. 3, follow the same general 
trends, but the values for the welded are 10 to 30% 
lower. The strength of the NCT-3 steel increased about 
50%, elongation decreased 10% and reduction of area 
decreased about 20° as the temperature was lowered to 
-195° C. For the same temperature range the strength 
of the Cr-Mo steel increased only about 10% and the 
values of elongation and reduction of area were only a 
fraction of 1% at —195° C. The fractures in the NCT-3 
steel occurred in the weld. The Remanit 1740 steel 
specimens failed in the weld or in the heat-affected zone. 


Nonferrous Materials 


Copper.—Oxyacetylene welds in pure copper plate 
(identified only as M-3) using a special flux (no de- 
tails) were tested by Chernyak.” The results, Table 
5, indicate that both the welded joints and the un- 
welded plate had a similar increase in tensile strength 
with a decrease in temperature. These values are com- 
parable with results reported by Smith™ on unwelded 
copper. 

Brass.—Chernyak" also conducted tests on oxyacetyl- 
ene welds made in brass plate (70° double V) containing 
58.81 Cu, 1.2 Fe, 0.62 Mn, balance Zn. The welding rod 
was composed of 5.45 Cu, 0.6 Fe, 38.86 Zn, 0.56 Pb, trace 
Mn, and the flux contained also some borax (no details). 
The plates were of different thicknesses, the 1.3-in. plate 
ase the highest strength at liquid air temperature, 
Table 5. 

Chennai s results conform with those obtained by 
Holler and Schnedler who tested single V-welds made 
in brass plate (62.58 Cu, 37.05 Zn) 0.23 in. thick, by 
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means of oxyacetylene welding (20°, oxygen) 
with brass welding rods and ‘““KM_”’ flux (composition not 
stated). The results revealed a slow but continuous rise 
in tensile strength down to a temperature of —80° C., 
and a fast rise between —120 and —195° C. The value 
at —195° C. was 36.9% higher for the unwelded and 

39% higher for the welde d th: in the respective values at 
room temperature. The ratio of welded to unwelded 


excess 


was 0.95 at 20° C. and 0.96 at —195° C. Elongation 
(welded) increased from 25% at +20° C. to 43% at 
—110° C. and then decreased to 39.9% at gS” &3 


the unwelded specimens showed a net increase of 27.6%. 


Table 5—Static Properties of Gas-Welded Brass. Chernyak"® 


Welded Tensile Strength, Elongation, “> in 
Plate Thickness, Psi 2'/, In 

In. +20°C. —183°C. +20°C. —183° C 

0.9 54,700 50,700 

| 48,100 65,800 12.2 18.7 

1.4 54,200 62,300 27.9 14.8 
37,700 50,600 14.0 10.4 

Base metal 58,600 70,800 30.4 47.5 


Reduction of area increased about 10°) (both unwelded 
and welded) as the temperature was lowered to — 80° C. 
and then slowly decreased reaching a final value at — 195° 
C. of 60° for the unwelded and 56° for the welded. 


Bronze.—Naval bronze and high-strength bronze 
welds in */,-in. thick mild steel plate were tested by 
Arico”, The composition of the welds and the results 


of the tests are shown in Tables 6 and 7, respectively. 
The unwelded plate contained 0.25 C, 0.57 Mn, 0.022 
S and 0.016 P. 

With both types of welds, strength increased between 


+20 and 0° C., increased between —20 and —40° C. 
and also at —S81° C., the lowest testing temperature. 


The values decreased, however, at 0 to —20 and 
between —40 and —60° C. Maximum strength in either 
case was attained at —81° C. The author was unable 
to explain the inconsistency in the results obtained. 
Nickei and Monel Metal.—In general, the tensile 
strength of nickel and Monel metal er ises about 60% 
as the temperature is lowered from +20 to —250° C, 
Martinez tested arc welds in U-gro« soft-annealed 
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hot-rolled nickel plate (99.4 Ni, 0.1 Cu, 0.2 Mn, 0.15 Fe, — ere 
0.05 Si, 0.01 C). A pure nickel (No. 131) metallic are- 


Table 9—Tensile Properties of Monel Welds at Low 


welding rod was used. Covered (130 &) Monel metal Temperatures. Martinez" 
electre des were employed to make the welds in the Tensile Strength, Elongation, % Risbactlon 
/s-in. thick Monel plate. No definite conclusions could Temp., °C. Psi in 2 In. Ar 
be drawn for either nickel or Monel metal as a good many 20 G1.700; 56,200;46,000 22.5; 17.5; 15.0 27.0; 24.5; 
- 0 70,000; 52,250 >t 17.0; 16.0 37.0 1 
—20 65.100; 71,750; 58,650 16.0; 22.5; 16.0 31.5 
— 40 61,500; 60,000; 75,650 10.0; 9.0; 20.0 24.5 
—60 74,000; 73,900; 77,450 2.5; 14.0; 15.0 33 5 . 


(Per 
Type of Weld Cu Mn Zn Sn Fe Si Cent) 


Naval bronze 58.0 0.05 39.85 1.0 1.0 0.10 properties of aluminum and its alloys. rhe only reported 
High-strength investigation dealing with the tensile properties of welded 

bronze 61.0 . $8.25 0.75 joints, however, has been carried out recently by Holle, 
and Schnedler.* 


Table 7—Static Tensile Properties of Naval and ‘“‘High-Strength”’ Bronze.* Arico" 


Ultimate Stress, Psi. Elongation in 2 In., % Reduction of Area, ‘ 
Temp., ° C. B N H B N H B N H 
+20 69,000 15,000 59,900 36.2 8.5 9.0 51.9 27.1 10.8 
0 16,500 65,000 9.8 9.0 - 25.1 
—20 73,550 $4,300 61,900 36.2 8.5 8.75 50.0 24.0 2 
—40 76,900 $7,100 63,000 36.2 10.5 9.5 50.3 26.3 
—60 45,100 62,100 8.8 8.5 44.2 
—81 83,500 47,500 68,000 39.5 8.5 9.75 49.9 24.9 15.8 


B = mild steel base metal. N = naval bronze weld. H = high-strength weld. 
All values averages of 2 tests 
* See Table 6 for chemical analysis. 


of the specimens were found to be poorly welded. How- The materials used in Holler’s® investigation are 
ever, strength showed a general tendency to increase and listed in Table 11. All the specimens were single \- 
ductility to decrease as the temperature was lowered oxyacetylene welded with rods of the same compositior 
from +20 to —S80° C., as shown in Tables 8 and 9. as the base metal. Autogal-A flux was used for Al and 
The minimum and maximum values at room tempera- Mangal, autogal-D for the KS-Seawater alloy and hyd: 
ture and at —S80° C. for the nickel welds were 36,200, gal for the 79% Mg-Al alloy (Hydronalium). The tests 
47,000 and 35,000, 56,000 psi., respectively. The un- were conducted at +20, —40, —80, —120 and at — 19%) 
welded nickel plate gave consistent results and strength 
showed a steady increase reaching a maximum value of 
79,650 psi. at —SO° C. 
Arc-welded, soft-annealed Monel metal plates prepared ary 


as standard (0.505 in. diameter) tensile specimens were 
tested by Henry and Babakian.” The #*/,-in. thick emp. Tensile Strength, Elongation, Reduction 


; 
plates contained 30.72 Cu, 66.91 Ni. The 130 covered 900 
Monel electrode was used (°/3.-in. diameter, 135 amp., “0 81100 81300 26. 36 5 64 5-65 
24 v., 10 layers). With one exception, all specimens — 20 83,000-85,300  36.5-37 fifi 
broke outside the weld, but cracks appeared in the welds —40 85,800-87,200  35-36.5 67-68 
before fracture. The specimen that broke in the weld 
had 89,000 psi. tensile strength, 25° elongation, 27% = bat 


> > are > 4 at ith 
Table 8—Tensile Properties of Nickel Welds at Low C., the temperature being asce rtained in each case W 
Temperatures. Martinez." pentane thermometers. rhe tensile specimens wer 
9 20; wek 7O 4 nde ction, 
Tensile Strength, Elongation, % Smitten of 0. 16, 0.20 or 0.39 in. thic k, 0.79 in. wide parallel St 
Temp., ° C Psi in 2 In. Area, % 3.9 in. gage length. The values representing the varia 
20 39,000; 36,200; 47,000 7.0: 5.0; 12.0 17.5; 14.0; 23.2 tility > ati ‘ ‘tion 
4 230,145.23. tons of strength and ductility (elongation and reducti 
— 60 41600: 55.500:20.500 6.0:16.0: 2.5 13.5:230: 9.0 inFig.4. The following specific observations were made 
— 35,000; 56,150 ...... 5.0; 5.5 iver 


(a) Aluminum: strength of unwelded increased 76 
and that of welded 86% as the temperature was lowered 
to —195° C. The ratio of welded to unwelded was 0.5! 
reduction of area. The proportional limit increased from at +21° C. and 0.84 at —195° C. Notwithstanding the 
22,000-24,000 psi. at 21° C. to 26,000 psi. at —80° C. “ductility of the welded specimens was higher than that 
and tensile strength rose from 79,000 psi. at room tem- of the unwelded at all temperatures. All fractures oc 
perature, to 90,000 psi. at —80° C. The average elonga- curred outside the welded zone. 
tion and reduction of area remained practically constant, (b) Mangal: of all tested materials, mangal exhibit d 
at approximately 36 and 60 to 70%, respectively, Table the greatest rise in strength (56% for unwelded, 120.1: 
10. for welded), the ratio of welded to unwelded being 0.0: 

Aluminum and Its Alloys.—A great deal of information at +20° C. and 0.86 at —195° C. As pointed out by the 
has been published regarding the low-temperature static authors, the small strength ratio at room temperature 
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Table 11—Chemical Analysis of Lightweight Materials* 
Tested by Holler and Schnedler'* 


Thickness, 


Material In. Designation Composition, ‘; 
99.46 Al 
Purealuminum 0.24 and0.39 Al 99.5 0.33 Fe 
0.21 Si 
Mangal 0.20 Al-Mn 
KS-Seawater 0.16 Al-Mg-Mn 
Hydronalium 0). 24 Al-Mg 7 Mg 


* In half-hard condition 
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Fig. 4—Static Tensile Properties of Pure Aluminum and Al 
Alloys at Low Temperatures. Holler and Schnedler'* 


leaves much to be desired from welded mangal. Elonga- 
tion decreased and reduction of area sharply increased 


between +20 and 120° C., but on the whole, as com- 
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pared with room temperature value, ductility remained 
unchanged or showed an increase at the lowest testing 
temperature (— 195° C.) being considerably higher for the 
welded than for unwelded specimens. All fractures oc- 
curred outside the weld. 

(c) KS-Seawater: the average curves shown in Fig. 4 
indicate that the strength of unwelded specimens fell at 
+20 to —50° C. and then steadily increased as the tem- 
perature decreased to —195° C. The strength of welded 
and unwelded was comparable at all temperatures and 
the value was the same in the neighborhood of — 120° C. 
Ductility of the welded specimens remained practically 
unaltered whereas that of the unwelded showed an in- 
crease down to around —120° C. and a decrease (10- 
15%) at —195° C. The specimens failed in or outside 
the weld, the grain structure at the fracture being finer 
than that of aluminum and mangal. 

(d) Hydronalium: only a small gain in strength 
(6.2%) was attained by the welded specimen, the un 
welded value increasing 26.2%) as the temperature de- 
creased to —195° C. The strength ratio of welded to 
unwelded was 0.96 at room temperature but decreased 
to 0.81 at —195° C. Fifty per cent of the specimens 
failed in the weld, 25°7 in the heat-affected zone and the 
remaining 25°) in the parent metal. Unwelded hydro- 
nalum exhibited greater ductility than welded; the 
room temperature elongation values increased, on the 
average, 5-10% at —195° C. 

In the absence of comparative quantitative data, the 
observations and conclusions from these tests have a 
limited value. It may be stated, however, that the 
static properties of aluminum and its alloys follow the 
same general trends as the ones observed for steel. 


Fatigue Properties 
General 


For lack of fatigue data, round about methods, such 
as tensile test, pressure test and magnaflux or metallur 
gical examination are often employed to give a criterion 
as to the endurance properties of a welded joint. In 
general, the expected endurance limit of a ferrous mate 
rial is one-half its tensile strength and, therefore, a 
material giving an endurance ratio of over 0.50 may be 
expected to possess extraordinary resistance to failure 
by fatigue. It follows that fatigue strength like tensile 
strength wili imerease as temperature decreases 
Results of Tests 

Henry and co-workers” 
limits for welds, made by 
steel, Table 12, 
Table 13. 

All the tests were performed on a reversed flexure 
rotating spring type machine (rated speed of motor, 2000 
rpm. rhe test arrangement 1s shown in Fig. 5 and the 
form and size of the specimen in Fig. 6. 

The “rise of temperature’? method, originally de 
veloped by Stromeyer** and later by Putnam and 
Harsch** was employed to determine the fatigue limit. 
The results listed in Tables 12 and 15 seem to indicate 
an increase of endurance limit with lower temperatures. 
Nevertheless, H. F. Moore, H. W. Russell and H. W. 
Gillett (private communication, August 1943) question 
the validity of results so obtained, pointing out that al- 
though the “‘rise of temperature’ method gives a rough 
indication of endurance limit for rolled ferrous metals, a 
short-time test would not show conclusively any marked 
changes in the endurance limit at the lower temperatures. 

Long-time tests (10,000 cycles per minute) carried out 
by Henry and Cannizzaro*' showed the endurance limit 


* determined the endurance 
different methods, in mild 
and in austenitic chromium-nickel steel, 
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Table 12—Average Endurance Limit Values (Psi.) of Mild Steel-Welded Joints at Low Tempe 
Henry and Co-workers”~ 2? 


ratures. 


Plate thickness 3/,—"/s in. 


Fig. 5—Testing Arrangement for Determining of 
Limit at Low Temperatures. Henry*’ 


Endurance 


of unwelded 18-8 base metal to be 45,000 psi. whereas 
the short-time test gave a value of 59,000 psi. (at room 
temperature). Similar variations between the results 
of the rise of temperature tests and actual long-time test 
have been observed by H. F. Moore and others (private 
communication, August 1943). This difference presum- 
ably was due to the different speed and manner of load- 
ing employed. According to Moore and Kommers,” 
the endurance limit will tend to rise as the speed of test- 
ing is increased, 


Base Metal Method of Welding +20° C. 
Mild steel 
0.25 C; 0.67 Mn Unwelded 30,800 
0.02 S; 0.014 P 
Resistance butt 27,100 
Shielded metallic* are 26,400 


* Electrode §/;.-in. diameter (150 amp., 28 v., reversed polarity, d. 


Endurance Limit, Psi. 


31,600 32,000 35,000 35,600 37,000 

27,900 28,700 30,700 31,2 31,500 

27,550 28,450 29,350 29,900 30,170 
-C. arc) 


Impact Properties 
General 


The most important effect of low temperature on the 
mechanical properties of steel is the tendency to induce 
brittleness. Welds, like any other structural elements, 
are susceptible to cold brittleness; therefore impact 
tests often are used to determine whether a welded joint 
or structure is in danger of failure from brittleness under 
service conditions. 

Sauerwald” and other investigators”—™ have shown 
rather conclusively that the notched-bar impact test is 
by far the most sensitive method of determining the 
adverse effects of low temperatures upon steel. How- 
ever, the law of similarity, relative to size effect, does not 
apply to notch-impact tests, as pointed out by Moser,” 
Stribeck*' and others.** ** Furthermore, no ordinary 
property of a steel other than perhaps the reduction of 
area seems to bear any relation to this test. Therefore, 
the notch-impact test serves merely to compare untried 
metals with those having been proved in service. 


The low-temperature notch-impact properties of welds 
have been studied with reference to the following factors: 


Deoxidation practice and grain size. 
Carbon content. 

Shape and location of notch. 
Nitrogen. 

Heat treatment. 


"4 of face 
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Fig. 6—Form and Dimensions of Fatigue Specimen. Henry* 


Base Metal Method of Welding +20° C. e*-c. 
18-8 Unwelded 59,100 60,100 
Shielded arc* 61,200 61,500 


* Rlectrode ®/j.-in. diameter (125 amp., 24 v.); plate in. thick. 


Endurance Limit, Psi.——- —~ 


—20° C. —40° C. C. 
63,600 59,000 61,700 61,900 
64,200 60,500 61,400 62,60 
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Table 14—Low-Temperature Izod Values of Welded '/,-In. Thick S.A.E. 1020X Steel. 


Location of Notch Heat Treatment Type of Notch 


Weld As-welded \ 
Weld Normalized V 
Weld Stress relieved Vv 
Scarf As-welded V 
Scarf Normalized Vv 
Scarf Stress relieved V 
Weld As-welded Keyhole 
Weld Normalized Keyhole 
Weld Stress relieved Keyhole 
Scarf As-welded Keyhole 
Scarf Normalized Keyhole 
Scarf Stress relieved Keyhole 


* First number—mineral coated carbon steel rod. 
mineral coated 25-12 chromium-nickel steel rod. 


Plain Carbon Steels 


Deoxidation Practice and Grain Size-——From the 
results of work by Hopkins,’ Herty** and others, it ap- 
pears that carbon steels which have received special 
treatment in the melting process are satisfactory for 
service to about —100° F. while steels which have not 
been so deoxidized retain only a small amount of their 
room temperature notch-impact resistance below 0° F., 
as shown in Fig. 7. This statement applies only to soft, 
very low-carbon steel, and commercial plain steels con- 
taining 0.22% carbon, or less, have satisfactory toughness 
down to —40° F., according to Hopkins and Blumberg.* 
The effect of aluminum deoxidation on plain carbon and 
nickel steels is shown in Fig. 8. 

Aluminum definitely improved the energy absorption 
ability of welded S.A.E. 1020X Steel and the Izod values 
were satisfactory down to —78° C., according to Kinzel, 
Crafts and Egan.*® The welds were made with combust- 
ible or mineral coated electrodes in !/,-in. aluminum- 
treated plate. One part of each weld was tested as- 


Second number 


Kinzel, Crafts and Egan® 


Impact Strength, Ft.-Lb.* 
—120° C. 


+20° C — 50° C. —78° C. 

44.5 69.0 27.0 15.6 23.0 4.4 31.0 
(73 Q) (80.0) (59 1) (56.5) 
56.0 72.0 39.5 33.2 15.0 16.0 6.8 4.9 
(66.2 (72.0 (60.0 
48.9 76.1 35.0 48.0 3.8 49.0 18.0 4.2 
(81.0 69.2 (61.0 (60.8 
43.1 81.6 40.0 68.0 60.2 84.2 14.5 92.8 
(81.5 (82.2 &) 13.9 
84.0 82.0 39.5 83.0 19.0 83.8 13.8 17.8 
(77.8) (82.8 21.0 14.0 
80.2 83.4 87.6 82.0 88.2 63.0 3.5 54.9 
82.5 (48.5 11.0 26.0 
25.0 27.5 23.8 26.4 19.9 3.0 
16.8 26.5 (25 
f 17.9 24.1 16.0 
(30.0 (32.0 21.0 
27.0 28.0 27.5 24.0 20.2 20.8 
(39.8 (36.2 31.9 
24.0 36.4 37.0 36.0 38.2 10.5 
(35.0 290 37.0 
23.5 32.0 10.8 32.0 i2.2 38.2 
(32.0 36.5) 0 
34.6 37.0 36.0 35.5 Sa a 38.2 8.2 
(36.0 (37.8) 35.0 


-combustible coated carbon steel rod. Number in parentheses— 


welded, part after stress relieving at 650° C. and part 
after normalizing at 900° C. Both standard V and key- 
holed Izod specimens were tested and the results are 
given in Table 14. 

The beneficial effect of aluminum or aluminum and 
silicon treatment was also shown by Hopkins and 
Blumberg,*® who made A.S.M. Charpy notch-impact 
tests on weld metal and base metal in normalized and 
stress-relieved single V-welded joints. The electrode 
was the '/,-in. diameter, covered “Kellogg” (no details). 
The chemical analysis of the l-in. thick plates (rolled 
from 100-123 ton heats) and the Charpy notch-impact 
values are given in Table 15. From the results obtained 
it appears that killing with silicon alone is not bene- 
ficial. Hopkins and Blumberg concluded that the notch- 
impact absorption ability of the weld was dependent 
only on the electrode. It was stated further, that a 
Charpy value of approximately 15 ft.-lb. at 100° C. 
could be secured with suitably chosen welding rods (no 
details). 

Steels having fine McQuaid-Ehn 
grain size, generally have better 
low-temperature impact resistance 


24° Nu Steer 


TEMPECRATUGE OF 


Fig. 7—Relative Shock Resistance of Some Steels at Low 


PRoPEeRLY CARBon Steer 


IMPROPERLY CaR@on STEEL 


than coarse-grained steels, accord- 
ing to Herty and McBride.** How- 
ever, Rosenberg®” cautions that 
fine grain size is no assurance of 
superiority in impact resistance 
after heat treatment. Armstrong 
and Gagnebin® maintain Rosen- 
berg’s view and indicate that 
carbide dispersion and deoxidation 
with aluminum may overshadow 
grain size per se. 

The grain size of the deposited 
metal is in no way connected with 
the process of steel refining which 
may, to a certain extent, control 
the grain size of the base metal. 
However, as pointed out by 
Spraragen and Claussen,” fine 


Temperatures. Hopkins? grain size in the heat-affected zone 
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Fig. 8—Effect of Aluminum and Carbon on Low-Temperature 
Impact Properties of Normalized and Drawn Carbon and Nickel 
Steels. Armstrong and Gagnebin™ 


of a multilayer weld often results in satisfactory low 
temperature notch-impact value even in steels that are 
brittle at low temperatures 

Carbon Content.—Experimental results from some 
of the early work in this field by Hadfield,” Greaves and 
Jones*' and others*: *' indicate that low-temperature 
toughness will vary inversely with carbon content and 
that best results could be obtained by limiting carbon 
content to a low value. This same view has been recently 
expressed by Armstrong and Gagnebin® who also showed 
(Fig. 7) that for a given carbon level, low-temperature 
toughness will vary directly with the degree of carbide 
dispersion. 

The low-temperature Charpy notch-impact resistance 
of two oxyacetylene V butt-welded steels containing 
0.13%) C and 0.42% C, respectively, has been investigated 
by Holler and Schnedler.” The DVMR notch-impact 


Table 15—Effect of Varying Deoxidation Practice on the Low-Temperature Charpy Impact Values (Ft.-Lb.) of Carbon 
Steels.* Hopkins and Blumberg” 


Deoxidation Practice 


1. Rimmed without Al W 30t 24 

Si <0.01% Pp 39-40 31-3 4 8 14 2-2 1-2 
2. Semikilled with Al and some Si Final WwW 26 20 

Si <0. 10% 16-53 3640 29 20-28 19 10-28 12-17 
3. Rimmed steel with high residual W 29 21 

Mn (0.20% P 29-31 25-28 10 17-21 14 2-2 2-2 
4. Killed with Si W 20-25 17 14-18 

No Al P 29-34 22-35 4-% 15-23 24 2-19 2-19 

Final Si 

0.15-0.25% 
5. Killed with Si and Al Final} W 22-26 20 17-20 

Si 0.15-0.25% 4 37-48 25-32 25 15-30 20 19-35 13-29 

L = longitudinal. T = transverse. W = weld metal. P = plate (0.17 to 0.30 C, 0.38 to 0.66 Mn, 0.010 to 0.033 P, 0.020 to 0.0 


trace to 0.26 Si, 0.015 to 0.0158 Al, 0.007 to 0.045 ALO 
ono 


* Normalized at 1625° F. and stress relieved at 1150° F. 


mkg ‘cm? 


Fig. 9—Effect of Low Temperature on Notch-Impact Value. 
Base Metal: 0.13% C Steel. 


mko 


Fig. 10—Effect of Low Temperature on Notch-Impact Value 
Base Metal: 0.42% C Steel. 


specimens were obtained from 0.39-in. thick plat 
measured 0.39 x 0.39 x 2.16 in.; the keyhole notch (9 
in. deep, 0.08-in. diameter) was located in the root of +, 
weld metal. The results, Figs. 9 and 10 indicate that 
temperatures ranging from +20 to —50° C., the 
impact value is approximately twice as high for the ().|2¢ 
carbon steel than for the 0.42% C steel. 
the DVMR value of the welded lower carbon stee! ; 
fraction of 1 mkg./cm.”* higher than unwelded, where, 
the reverse relationship appears to hold for the 0.49 
The low notch-impact value even at 


Below 


700" 60° 
Temperature 


} 


Holler and Schnedler™ 


Average Impact, Ft.-Lb 


ed line 


-100* -60* 
Temperature 


ine = unweilde 


t Lowest and highest values obtained. Intermediate values have been omitted from original table 


t At —80 to —150° F. the Charpy value for Steel 5 was 1-31 Ft.-Lb. 
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Fig. 11—DVMR Notch-Impact Value as a Function of Tem- 
perature. Quadflieg™ 


temperature (below 3 mkg./cm.*) of the welded 0.42% 
C steel substarrtiates Sands’** and Munter’s** views that 
carbon content should be below 0.30% to obtain satis- 
factory notch-impact value. 

Czyrski* likewise showed that an increase in carbon 
content of base metal will induce brittleness in the heat- 
affected zone. Kinzel and co-workers® maintain that in 
aluminum-killed steels, the aluminum tends to retain 
the low-temperature energy values to a lesser degree with 
high-carbon than with low-carbon steels. 

Shape and Location of Notch—That the Charpy 
keyhole notch is not so sensitive to differences in tem- 
perature or composition was shown by Kinzel, Crafts 
and Egan,® Armstrong and Gagnebin® and others. 
Lapping the notch, using a fly cutter to insure accuracy 
of shape or locating the notch accurately by means of a 
jig has no effect on the low-temperature Izod value, 
according to Kinzel and co-workers.* 

The notch has been placed by different codes*® and 
investigators®: 47 in different parts of the joint. 
The A.S.M.E.® impact requirements for welded con- 
tainers down to —150° F., (Table 16) specify an Izod or 


Table 16—A.S.M.E.*” Impact Requirements (Ft.-Lb.) for 
Subzero Welded Containers 


Cross Section 


of Specimen, 0 to —75° F. —76 to —150° F 


Mm. Charpy Izod Charpy Izod 
10x 2.5 5 4 2 1 
10x 5 10 10 4 3 
10 x 10 15 18 10 10 


a Charpy specimen, both with Charpy keyhole notch. 
Accordingly, three specimens with notch in the heat- 
affected zone and an equal number of specimens with 
notch in the weld metal are averaged. The specimens 
are taken across the weld and their width, depending on 
the plate thickness, may be 2.5, 5 or 10 mm. The 
specimens are held at test temperature at least 30 min- 
utes and are tested within 8 seconds after removal from 
the bath. 

Some investigators®: “ prefer to notch the heat- 
affected zone, while others®: claim that the heat- 
affected zone is not a weak spot as far as notch-impact 
value is concerned. 

Locating the notch perpendicular or parallel to the 
direction of rolling had no effect on the average impact 
— in tests performed by Aldridge and Shepherd,* 

able 17. 

With notch perpendicular to the surface of the weld, 
DVMR value was 9 mkg./cm.* at 0° C. and 4 mkg./cm.? 
at —50° C. whereas with notch in the root, the values 
were 8 mkg./cm.? at 0° C. and less than 1 mkg./cm.? 


Table 17—Effect of Location of Notch in 2'/,% Ni Steel. 
Aldridge and Shepherd” 


Stress Relieved Average Charpy (Ft.-Lb.) 


Location of Notch at 1200° F. at —75 
Parent metal No 37.0 
Yes 34.8 
Heat-affected zone No 35.9 
Yes 34.5 
2-pass weld metal No 16.0 
Yes 19.0 
3-pass weld metal No 17.0 
Yes 20.8 


welds were made in 0.47-in. thick plate containing 0.11 
C, 0.54 Mn, 0.16 Si, 0.03 P and 0.32 S. The weld metal 
was not heat treated and was of the following composi- 
tion: 0.42 Mn, 0.2 Si, 0.096 C, 0.017 Ne, 0.055 Ox, 
0.034 S and 0.027 P. 

Arc butt welds in low-alley sheet steel with notch in 
the weld gave 26.9 and 11.9 ft.-Ib. at 0 and at — 25° C., 
respectively, according to Epstein, Nead and Halley.*! 
The corresponding values with notch next to the weld 
were 26.9 and 28.7 ft.-lb. (see Tables 20, 21 and section 
on Alloy Steels for details). 

Lohmann and Shultz®? showed that plain carbon and 
alloy steel specimens with notch in the side of the weld 
had 20% lower notch-impact value than the specimens 
with notch in the face of the weld at temperatures rang- 
ing from — 80 to +200° C. 

Aysslinger®* tested standard German notch-impact 
specimens (0.39 x 0.39 x 2.17 in.) machined from three 
grades of unwelded boiler plate, and from as-welded 
specimens in 0.47-in. plate. The location of the notch 
in the unwelded specimens was parallel as well as per- 
pendicular to direction of rolling. The welded specimens 
were notched as shown in Fig. 12. The tests were con- 
ducted at — 60 to + 600° C. and the results showed that the 
welds were definitely superior to unwelded specimens at 
+20 to —60° C. However, the welds had lower notch 
impact value than the unwelded base metal specimens in 
the range 20 to 600° C. At —60° C. the welds showed 
considerable ductility whereas the unwelded specimens 
had a completely brittle fracture. 


Alloy Steels 


Adequately treated low-alloy steels are superior to 
plain carbon steels and tend to retain ample impact 
strength at very low temperatures, according to Herzig 
and Parke®‘ and others.®: ** High impact resistance at 
temperatures down to —80° C. may be obtained in low- 
alloy normalized steels (< 80,000 psi. tensile) by combin- 
ing an austenitic or deoxidizing forming element with a 
carbide forming element, according to Kinzel and 
Crafts.® 

The behavior of welds, of the metal adjacent to welds 
and of the plate itself in six alloy steels was studied by 
Hopkins. The butt welds were made between 9- x 18- 
in. plates with electrodes (°/:¢-in. diameter; 40-42 v., 
450 amp.) of the same composition as the respective 
base metal. The chemical analysis for the base metals 


55 


Fig. 12—Position of the Notch in the Notch-Impact Specimen 
for Welded Plate 0.47 In. Thick. Dimensions in Millimeters. 


at —50° C., according to Quadflieg® (Fig. 11). The butt Aysslinger** 
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and the welds is given in Table 18 and the results of the 
notch-impact tests at +70 to —50° F. are listed in Table 
19. The welded joints were tested as standard Charpy 
specimens. Heat treatment consisted of 2-36 hr. at 
650° C. followed by furnace cooling. 

No results were given for the as-welded specimens. 
Microscopic examination revealed that the plate was 
coarse-grained whereas the weld metal grain size was 
refined by the temperature cycle of welding. Hopkins 
concluded that the inadequate Charpy values of the 
A, B, C plates were related to their coarse structure which 


Table 18—Chemical Analysis of Commercial Steels. 
Hopkins**® 


0.024 
029 
024 
025 
023 
030 


Si 
0.06 
0.21 
Trace 
0.22 
0.19 
0.16 


Mo 
0.25 
Trace 
Trace 
Trace 
0.01 
Trace 


Plate 
A 


was thought to reflect the method of manufacture. All 
the welds tested were considered suitable for service at 
—50° F., the preference being in the following order: 
F, A, B,C, Eand D. The low-temperature notch-impact 
resistance of a vanadium or molybdenum weld on 2'/4% 
nickel steel plate was not as high as the Charpy value ob- 
tained on the same weld with vanadium and molybdenum 
plate. The particular chemical combination may have 
been responsible for the drop in resistance of these welds. 

Notched-bar single-blow impact tests at — 80 to + 100° 
C. on mild steel (St 37, St 48) and two grades of low- 
alloy steel (St 52) using 9 types of electrodes were re- 
ported by Lohmann.” Notches were in face and root of 
double V-welds. With coated electrodes the influence of 
plate composition above 0° C. was negligible. However, 
the higher-strength steels St 52 (Cr-Cu) were better at 
—20 to —80° C. VBG aging test displaced in zone of 
transition from —20 to +20° C. Welds with average 
nitrogen content 0.10 to 0.14% gave the same DVMR 
value at +50 as at 0° C. in the unaged condition 
(bare electrodes). With low nitrogen, the aging test 


Table 21—Notch-Impact Value (Ft.-Lb.) of Arc and Oxyacetylene Butt Welds in Low-Alloy Steel Sheets.* 


Table 19—Low-Temperature Charpy (Ft.-Lb.) Absorbed 


Hopkins 


Steel 

Drawn for 2 hr. 

A 

B 

re 

dD 

E 

F 
Drawn for 36 hr 

A 


4 
8 
0 
1 
7 
8 


P = plate W= 


treatment 


R = adj. to weld weld 


Plate thickness and heat 
A 
B 


None 
None 
Cc None 
18) Buried in sand 
E ; None 
F i None 


* See Table 18 for chemical analysis of plates 


gave less reduction in impact. The best covered 
unalloyed electrode gave a value of 12 kgm./cm.’ Dy. 
MR at +100° C. which may be considered good. 

The notch-impact value was low at —15° ©. (i2 
kgm./cm.*) with flash welds in 0.47—0.79-in. thick bars 
containing 0.15-0.18 C, 0.56-1.06 Mn, 0.00-0.35 Sj, 
according to Grahl.* The specimen was 4 x 0.39 x 0.32 
in.; the cross section of fracture was 0.39 x 0.20 in. an 
the notch angle was 45°. Annealing at 1050° C. for 
1 hr. did not improve the welds. The unwelded bars had 
5 to 6.4 kgm./cem.”? at —15° C. 

Four commercial low-alloy steel sheets of compositior 
shown in Table 20, were tested by Epstein, Nead and 


Table 20—Composition of Low-Alloy Commercial Sheets. 
Epstein and Co-workers®! 


Desig- 
nation 
A 
B 
Cc 
D 


0.08 


Mn 
0.48 
0.48 
0.42 
0.38 


Si 
0.130 
0.130 
0.224 


P 
0.120 
0.118 
0.010 
0.008 


0.024 1. 
0.025 1. 
0.023 0O. 
0.026 0. 


Epstein and 


Co-workers’! 


Hardness Rockwell B 
In Weld Next to Weld 
89 
86 
86 
61 
86 
87 


Steel 
A 
B 

D 
At 
Bt 


+23° C. 
13.7 
15. 

23 
32 
26.4 


17. 


85 
85 
86 
58 
83 
86 


26.¢ 


See Table 20 for chemical analysis of sheets. 
Thickness of sheet 0.125in. All others 0.062 in. 
Defect in weld. 
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Notch in Weld 


—Metal Arce Welds 
Next to Weld 
26.¢ 


28 


Notch 
+23° C. 
30.4 
29.3 
33.0 
31.3 
26.8 
36.5 


o* Cc. 
26 
24.2 
16 
30 


99 


31.6 
24 


28 


> 
Oxyacetylene Welds 
22. 25.4 
22 33.0 
37 
34 30 
25 32. 4 


43 36 


Or 


31 
33 


— 


12 
12. 
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Ww R P W R P 
mo 
37.5 47.5 35.0 36.9 45.7 4.7 230.8 280 elec 
38.3 43.8 31.3 32.7 41.8 2.0 26.2 355 3 
31.3 71.5 51.9 29.0 40 40 °11.2 267 
27.8 37.6 48.1 19.9 37.7 406 14.6 348 
24.8 42.8 32.9 23.5 41.2 24.4 18.4 396 9; 
38.4 22.8 25.4 34.0 199 37.1 30.7 211 on 
mai 

37 53.3 33.0 34.8 38.3 26 30.5 307 
B 37 42.5 23.2 29.1 306 1.6 15.5 287 35, 
41 70.4 17.7 288 20 1.3 120 40 1, 
D 24 44.4 41.7 21.3 37.9 263 19.7 356 38, wit 
aed E 27 34.9 31.3 27.7 23.5 23.4 25.6 262 i734 Ri 
Beet soe F 39 29.1 38.0 36.7 27.5 24.9 31.0 278 9:3 me 
Cc Mn P Ni Va Cr 
0.16 0.68 0.014 O.1g 0.01 0.07 
B 0.22 0.63 0.016 0.08 0.01 0.02 

Cc 0.09 0.43 0.018 0.08 Nil Trace val 
eto as D 0.28 0.60 0.022 2.18 0.02 0.07 sal 
E 0.17 0.44 0.010 3.78 Trace 0.05 
F 0.16 1.16 0.013 0.18 0.19 0.11 ter 
Weld 
Metal 
(av.) 
| ee A 0.08 0.60 0.021 0.020 0.25 0.05 0.01 0.25 0.04 Po ch 
B 0.09 0.59 0.026 0.032 0.24 0.06 0.01 Trace 0.05 Ex 
0.06 0.45 0.025 0.032 0.17 0.12 0.01 Trace 0.07 
i ae D 0.09 0.57 0.025 0.026 0.29 1.20 0.19 Trace 0.07 ().] 
gekas’ Be E 0.09 0.51 0.023 0.034 0.26 1.73 0.09 Trace 0.08 

a Ib 0.09 0.72 0.026 0.031 0.33 0.09 0.26 Trace 0.09 at 

Iz 
Iz 

W 
M 

Ss Cu Ni Cr 

0.08 06 0.50 035 
BONY 0.07 80 0.35 0.69 
0.08 25 t 

f 
28.7 
6.1 m7 26.9 
on 4 90 
21.3 29.4 
23.9 

25.5 30.9 
Cc O4 33.0 35.9 
D 89 28.0 28.9 
At 90 30.0 24.2 
Bt 96 17.3 10.8 23.0 

“A 
110-s 


Halley! The metal are welds were made with °/,2-in. | vi | T ~] 
Ss covered electrodes (30 v.; 120 amp.) containing 0.17 = — — 
sorbed * ; Mn, 0.12 Si, 0.007 P, 0.029 S. The coating con- | | (a) 
of 23.23 SiO», 0.51 Fe.Os, 34 Al,O3, 17.28 TiOs, 
915 CaO, 5.65 MgO, 8.10 ferromanganese, 4.60 ferro- 12 
mols bdenum, balance organic binder. The °/39-in. rod | 
80 > electrode was not the correct size for the thinner sheets tt 4 
5.5 3 0.062 in. gage). It is presumed that the steels were | | 4 
34.8 313 welded in the as-rolled condition. The arc-weld metal a, = Ge 
ontained up to 0.40 molybdenum; the gas welds were 6 = 
314 made with strips of base metal. 
ace The notch-impact specimen was of the sheet thickness ry i 
26.7 3 and similar to the Charpy specimen. For comparison 2 r al 
with the standard (10-mm.) Charpy specimen, the experi- | 
26.2 173 mental values (Table 21) were multiplied by the ratio n ‘ es 9 4 
The copper-chromium combination yielded the best Ad 
yalues at —25° C. The plain copper steel (D) gave the =4 (B) 
same notch-impact value as unwelded base metal at sd 
emperatures from +23 to —25° C. 12 T 
"oll Izod values for V-butt welds made transverse 10 | 
to the direction of rolling in aluminum-treated copper- : 
chromium steel were also reported by Kinzel, Crafts and 8 A | 
Egan.® The plates were ‘9-in. thick and contained 
0.12 C, 0.5 Cu, 0.75 Cr. The welds were stress relieved 
covered it 650° C. and the notch was at the scarf. Electrodes 4 D4 
n.? DV. with two types of coatings were used (Table 22). The k if 
| Izod value was high even at —78° C. On the whole, the ; , 
C (1.9 Izod values with the combustible-coated electrode were o\-—4 4 | | 
ick hace higher than with the mineral-coated electrode. An Izod 0 +100 +200 
N35 o value of 78 ft.-Ib. at — 100° C. may be considered excep- Temp.C 
29 tionally good. 
‘ee bi Fig. 13—Notch-Impact Resistance of (A) ‘Plain Carbon Steel 
and (B) Half-Hard St 52 (Cu-Mn-Si). Rétscher and Fink** 
L. lor 
yars had Table 22—Low-Temperature Izod Value (Ft.-Lb.) of Arc 
Welds in Copper-Chromium Steel. Kinzel and Co-workers*® by Rétscher and Fink®! at —60 to +20° C. for annealed 
positior Electrode +20°C. —50°C. —78°C. —100°C. —120°C. plain carbon steel and equivalent to the values obtained 
ead and Mineral coated 71.0 71.2 71.5 32.8 15.2 for semihard, high-elastic limit St 52 (Fig. 13). 
Combustible coated 76.0 66.0 79.0 78.0 48.5 The low-temperature notch-impact resistance of two 
arc butt-welded high-alloy steels designated as ‘““NCT7-3" 
Sheets 
In general, as-rolled or normalized steels of the low- * —= 
carbon copper-chromium combination possess very good Table 23—Average Charpy Value (Kgm./Cm.*) of Metal Arc 
i6OCr low-temperature impact properties and can be welded Welds at Low Temperatures. Rosenthal and Fure® 
47 without fear of air hardening, according to Kinzel and Temp., °C Charpy Value, Kgm./Cm.* 
ov 0.35 Crafts. +18 7.9 
oo 0.0 Charpy impact tests on metal arc welds made with two 0 7.2-7.6 
types of °/32-in. heavy coated rods (S85 v., 180 amp. for 
two bottom layers, 160 amp. for remaining) were re- _ 20) “56 
ported by Rosenthal and Fure.® The base metal was — 40 5.1 
low-carbon structural steel. The specimen measured — 60 4.2 
ein and # 0.39 x 0.39 x 2.36 in. and the deposited metal had the 
following average mechanical properties: elastic limit 
50,000—57 ,000 psi., ultimate strength 65,000-75,000 psi., and ‘‘Remanit-1740"' has been experimentally investi- 
: § elongation (in 5 diameters) 26-30%, reduction of area gated by Holler and Schnedler.” The composition and 
te 00-60%. The notch-impact values for the welds, room temperature physical characteristics of the two 
- Table 23, were found to be higher than those obtained steels are listed in Table 24. Welding details are not 
Q Table 24—Chemical Analysis and Physical Properties of Base Metals Used by Holler and Schnedler"™ 
——— Physical Properties at +20° C.* 
1 Notch 
9 Tensile Impact 
Q Designation - Chemical Analysis, % Strength, Elongation, Reduction § Resistance, Brinell 
ba Steel ce Ni Mn Si fe Mo Psi. % of Area, % Mkg./Cm.*t Hardness 
9 ‘ Remanit 1740 17.68 + . aa 0.40 1.8 99,100 19.5 52.8 3.69 212 
0 NCT-3 St 24.66 19.25 1.15 1.40 0.08 96,700 53.0 51.0 16.07 174 


: All values averages of 3 tests. 
' Specimens: NCT-3 St = 0.39 x 0.39 x 2.16 in ; keyhole notch (0.11 in. deep, 0.08 in. diameter) in root of weld metal 
Remanit 1740 = 0.39 x 0.27 x 2.16 in.; 45° V-notch, 0.08 in. deep in root of weld metal 
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Dotted line = welded 
Full line = unwelded 


Fig. 14—Effect of Low Temperature on Notch-Impact Value. 
Base Metal: Cr-Mo Steel—Remanit 1740; Composition Given 
in Table 24. Holler and Schnedler™ 


given but the electrodes used are designated as: ‘‘Gries- 
heim MAS” (for Remanit) and “‘Griesheim Therma” 
(for NCT-3 St). The results, Figs. 14 and 15 reveal that 
down to —50° C. the welded notch-impact value of the 
austenitic Cr-Ni steel (NCT-3) was higher than unwelded. 
Below that temperature the curve falls sharply and the 
value drops to 10.5 mkg./cm.? at — 100° C. and down to 
9.5 mkg./em.? at —195° C. The unwelded NCT-3 
steel shows a more uniform drop in toughness, the DVMR 
value decreasing only 1.5 mkg./cm.* between +20 and 
—100° C.; the value at — 195° C. of the unwelded steel 
(10.5 mkg./cm.*) corresponds to that for the welded at 
—100° C. The unwelded Remanit specimens possessed 
a notch-impact value of about 1.3 mkg./cm.? at — 195° C. 
whereas the welded specimens had only a negligible re- 
sistance at temperatures lower than —40° C. Most of 
the Remanit specimens failed at the weld boundary. 
The results seem to indicate that an unfavorable distribu- 
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Temperature °C 


Dotted line = welded 
Full line = unwelded 


Fig. 15—Effect of Low Temperature on Notch-Impact Value. 
Base Metal: Austenitic Cr-Ni Steel—NCT-3; Composition 
Given in Table 24. Holler and Schnedler™ 


tion of alloying elements, and high carbon content in 
particular, are detrimental to low-temperature toughness 
(see also section on Carbon Content). 


Nickel Steels 


According to Morrison and Cameron® nickel, when 
added to steel in any condition of heat treatment or car- 
bon content, will greatly improve its low-temperature 
properties. However, Gillett (private communication, 


August 1943) points out that the use of nickel does not. 


overcome the effects of poor deoxidation and finishing 
practice. 

Aldridge and Shepherd” investigated’ the Charpy 
properties of 2'/,% nickel steel at 70 and —50° F. The 
plate was 1°/, in. thick, normalized at 1500° F., scarfed, 
welded and stress relieved at 1200° F. The covered 
welding rod was of approximately the same composition 


112-s 


as the plate. Some of the A.S.M. Charpy keyh 
mens had notches perpendicular and some paral 
direction of rolling. The results, Table 25, show a Satis. 
factory retention of toughness at —50° F. comph teh 
across the welded jot. The welds had a slightly hich,, 


le Speci- 
l to the 


Table 25—Charpy Value of 2'/,% Nickel Steel at +70 


at —50° F. Aldridge and Shepherd” 


Location of 
Test Piece 


Parent metal 


Heat-affected zone 


Fusion line 


Relation of 
Major Axis of 
Test Piece to 

Direction of 

Rolling 
Longitudinal 
Longitudinal 
Transverse 
‘Transverse 


Longitudinal 
Longitudinal 
Transverse 
Transverse 


Longitudinal 
Longitudinal 
Transverse 
Transverse 


Longitudinal 
Longitudinal 
Transverse 
Transverse 


Relation of Axis 
of Keyhole Notch 
to Plane of Rolling 


Parallel 
Perpendicular 
Parallel 
Perpendicular 


Parallel 
Perpendicular 
Parallel 
Perpendicular 


Parallel 
Perpendicular 
Parallel 
Perpendicular 


Parallel 
Perpendicular 
Parallel 
Perpendicular 
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value than the parent metal at the low testing tempera. 
ture. Somewhat lessened (25% average) resistance to 
impact in the direction transverse to rolling as compared 
with the longitudinal is reflected in the low-temperature 
values. As already mentioned in the section on Loca- 
tion of Notch, the direction of the notch with respect to 
the plane of rolling made little difference. Little, if 
any, difference in the impact resistance was found by 
holding the specimens at —50° F. for periods of time 
ranging from 20 min. to 72 hr. 

No adverse effect by holding Cr-Ni specimens for 80 
hr. at low temperature (— 183° C.) was reported also by 
Chernyak, Golubeva and Steinberg.’* Similarly, Larson” 
failed to observe any appreciable change in tougliness of 
2'/, to 2.60% nickel steel specimens submerged for |, 
24 and 70 hr. at low temperature. The specimens were 
taken longitudinally to weld and across the weld. The 
keyhole notch was drilled vertically and horizontally 
The tests (no details) showed that the welds had sub- 
stantially the same notch-impact strength as the un- 
welded plate. 

Larson’s conclusions were substantiated by Moses" 
whose Charpy values, Table 26, for welds made m 
5/16 to 3/,-in. thick plate containing 3% nickel, compared 
favorably with the base metal. Qualitative impact tests 
at liquid air temperature (— 300° F.) were made on this 
steel using '/,-in. diameter bar, unnotched. Both plate 
and weld metal bent to an angle of 90° without suriace 
cracking. 

Armstrong and Gagnebin® tested the notch-impact 
resistance of welds made with heavily ccated, °/s: 1 
diameter, low carbon, 2.50% nickel, 0.20% molybdenum 
steel electrodes. The deposited metal was stress relieved 
at 1150° F. and tested at temperatures down to — 200 F. 
The Charpy values were 26-30 ft.-Ib. at room tempera 
ture, about 18 ft.-lb. at — 100° F., 20 ft-.Ib. at — 150° F. 
and 13-16 ft.-Ib. at —200° F. In view of the results ob- 
tained, the authors concluded that provided the sound- 
ness as determined by radiographic examination is sats 
factory, welds made with nickel steel electrodes (2.50 
Ni, 0.20% Mo) will meet most requirements for impact 
resistance at temperatures down to —150° F. (—10) 
C.). 
The notch-impact value at 80° C. was below 2 mk. 
cm.? (approximately 8 ft.-Ib. Charpy) for weld metal, con- 
taining 0.2 C, 1.2-1.4 Mn, 2.0 Ni, 0.22 V whether nor- 
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Table 26—Low-Temperature Charpy Values (Ft.-Lb.) for Weld Metal and 3% Ni Steel. 


Moses*‘ 
Charpy Impact Resistance, Ft.-Lb. - 

Location of Specimen +75° F. +25° F. O° F —25° F —50” F —75° F. 100° F 
Plate* 46 42 36 37 36 29 35 
Platet 56 46 42 36 35 33 38 
Weld metal* 40 43 53 52 37 36 36 
Weld metal? 55 47 34 40 56 $5 34 

* As-rolled 


t Stress relieved at 1200° F 


malzed or not, according to Kleinefenn. The welds 
were made with coated electrodes and the Charpy speci- 
men was 0.39 x 0.39 in., 1.6 in. span; the notch being 
0.4 in. deep, 0.08 in. diameter. The low Charpy value at 
—80° C. is somewhat surprising in view of the fine grain 
size of the normalized weld. Bare electrode deposits 
0.04 C, 0.12 Mn, 0.01 Si, 2 Ni) had low notch-impact 
yalue in all conditions. The as-welded specimens had 
less than 1.7 mkg./em.? at —80° C. At0° C., the welds 
made with unalloyed coated electrode had 4 to 8 mkg./ 
cm.2 and the welds made with coated, 2% nickel electrode 
had 3 to 4 mkg./cm.? However, the remainder of the 
as-welded specimens lacked toughness. 

Arc-welded ‘““NAX”’ high-tensile steel plates containing 
0.10-0.18 C, 0.60-0.75 Mn, 0.10—0.25 Ni, 0.15 Mo (max.), 
0.50-0.65 Cr, 0.25 Cu (max.) 0.10—-0.15 Zr were investi- 
gated by the National Steel Corporation.” In the as- 
welded condition, the Charpy keyhole impact strength 
at 75° F. was 37.5 ft.-lb. in the weld, 47.5 ft.-lb. in the line 
of fusion and 39.0 ft.-lb. in the heat-affected zone. The 
corresponding values at —60° F. were 29.3, 21.0 and 29.0 
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Heavy full line = as-welded 


Light full line = welded and artificially aged 

Heavy dotted line = as-welded and annealed: 1 hr. at 880° C. for 
ot 52a; l hr. at 920° C. for St 37 

Light.dotted line = welded, annealed and artificially aged 


Fig. 16—Notch-Impact Value of Metal Arc Welds at Different 


Table 27—Composition of Weld Metals Tested by Lohmann 
and Schultz*? 


Base Metal Electrode ¢ Si Mn Cu Cr Ni 

Plain carbon steel— I Cored 0.03 0.01 0.36 0.15 0.116 
St 37 Il Bare 0.03 0.08 0.22 0.79 0.25 0.123 
(0.45 Mn,0.08C) III Coated 0.03 - 0.14 0.032 
V Covered 0.08 0.16 0.59 0.08 0.005 

Low-alloy steel—St I Cored 0.04 0.03 0.48 0.17 0.139 
52a (0.18 C, 0.40 II Bare 0.04 0.10 0.50 0.81 0.30 0.103 
Si, 1.00 Mn, 0.75 IV Coated 0.09 0.07 0.74 0.18 0.006 
Cu, 0.45 Cr) V Covered 0.10 0.12 0.68 0.13 0.006 
ft.-lb. The multilayer arc welds were made with a 


Murex (mineral coated) filler rod. 
Effect of Nitrogen 


It has been found extremely difficult to decide to which 
of the impurities which may be present in a weld metal 
may be attributed the specific properties of the metal. 

Thierens® claimed that nitrogen picked up in welding 
will tend to lower notch-impact strength of both plain 
carbon and low-alloy steels. Lohmann and Schultz® 
who tested St 37 (plain carbon) and St 52a (low-alloy) 
steels at —80 to +200° C. came to the same conclusion. 
The notch-impact specimens were 2.4 x 0.39 x 0.39 in. 
with a notch (0.12 in. deep, 0.08 in. diameter) in the 
face or in the side of the weld. The composition of the 
base metals and of the electrodes is given in Table 27. 

The results for the metal arc welds, Fig. 16, indicate 
that the high nitrogen weld metal had low notch-impact 
value at all temperatures. The strength of the welds 
was particularly affected by artificial aging consisting of 
10% compression followed by heating for '/» hr. at 250° 
C. The notch-impact value of the welds was seriously 
lowered at —80° C. due to this treatment. Similarly, 
annealing was not advantageous for the high nitrogen 
weld metal. Subsequent tests carried out with un- 
notched specimens of welds in plain carbon steel, Fig. 17, 
showed that welds with medium and high nitrogen had a 
decided decrease in unnotched impact values at low tem- 
peratures whereas low nitrogen welds retained good un- 
notched impact values even at —80° C. The specimens 
were 0.79 x 0.79 x 6.3 in., 4.7 in. between supports. 

Contrary to Leitner’s and Schmidt’s™ belief that notch- 
impact value was independent of nitrogen content, 
Quadflieg® considered a structure containing nitride 
needles to exert a beneficial effect on notch-impact value. 
However, judging from the results, Table 28, this does 
not appear to be well founded. The difference between 
Specimen 2, containing globular nitride and Specimen 3 
containing needles is not pronounced enough to warrant 
assignment of superiority in notch-impact value of the 
latter. The grain size of Specimens 2 and 3 was the 
same as that of Specimen 1 (no needles); Specimen 4 
had a very fine grain size without visible nitrides despite 
the fact that cooling from 630° C. was in calm air. 
Quadflieg® concluded that pearlite distribution and grain 
size are the more important factors for notch-impact 
value than oxygen or nitrogen content except when the 
latter is rather high (<0.03%), in which case the needle 


Temperatures. See Table 27. Lohmann and Schultz®? structure gives the best values. 
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Full line = as-welded 
Dotted line = welded and annealed at 920° C. for 1 hr. 


Fig. 17—Impact Tests on Unnotched Weld Specimens of Plain 
Carbon Steel at Different Temperatures. See Table 27. 
Lohmann and Schultz®? 


Leitner” maintained that at —20° C. both covered 
and cored electrode deposits had the same DMVR 
value (4 mkg./cm.*) whereas Zeyen’s” tests with cored 
(0.11 Ne) and covered (0.026 N:) electrodes showed that 
the transition zone for the covered electrode deposit was 
at —50° C.; for dipped and alloy cored electrodes it was 
about 0° C. Alloy cored electrodes had one-half the 
DVMR value of covered electrode deposits at room tem- 
perature, according to both Zeyen and Leitner. 

Diatlov,”? tested Mesnager specimens with notch in 
root of V-butt welds which were made with ordinary 
coated electrodes. The transition zone of the specimens 
tested immediately after water quenching from 650° C. 
was at 0 to —20°C. Holding for ten days at room tem- 
perature created nitride brittleness and raised the transi- 
tion zone to +150° C. 

Electrode coatings are frequently investigated in con- 
nection with the nitrogen problem. Diatlov and Kazimi- 
rov’® determined the low-temperature Mesnager value 
of welds made with electrodes (0.16 in. diameter) con- 
taining 0.1 C, 0.71 Mn, 0.02 Si, 0.04 S and 0.04 P. The 
base metal contained 0.23 C, 0.6 Mn and 0.3 Si. Thick 
coatings (0.02-0.04 in.), for example, 25% pyrolusite, 
20.8% ilmenite, 259% kaolin, 16.7% ferromanganese, 
balance waterglass or 15% pyrolusite, 30% ilmenite, re- 
mainder ferromanganese and waterglass, yielded the best 
Mesnager values at subzero temperatures. Admixtures 
of copper and nickel to the weld metal were found to be 
very beneficial. Such additions raised the weld metal 


Table 28—Notch-Impact Value (Mkg. /Cm.’”) of Low Nitrogen 
Weld Metal. Quadflieg* 


—50° —20° 20° 

As-welded 0.9 2.0 

Heated at 850° C., 
slowly cooled 

Heated at 850° C., rap- 
idly cooled 

Water quenched from 
about 900° C., re- 
heated to 630° C., 
slowly cooled 


0.2 


0.8 


0.4 0.8 


0.9 


German standard round notch specimen of arc weld metal (0.09 
C, 0.48 Mn, 0.18 Si, 0.05 S, 0.043 P, 0.032 Ne, 0.109 Oz). 


impact resistance at —40° C. higher than unweld, d 
metal. 

A satisfactory Mesnager value at —40° C. (5 mke 
cm.*) was obtained by Diatlov’? with V-butt welds whic 
were subjected to an aging treatment prior to testinc 
At +100° C., the value was 12 mkg./cem.? Thy weld 
ing rod contained 0.11-0.15 C, 1.2-1.5 Mn 
coated with 27% ilmenite, 27% feldspar, 15°, ferr, 
manganese (70% Mn), 13.5% pyrolusite, 109% sawdys 
12.59% waterglass; the weld metal contained 
Mn. Dhiatlov drew the incorrect conclusion that becaysp 
Mn and Si form nitrides, they are effective in decr sing 
nitride brittleness. Manganese was found to be rat} 
effective, whereas nickel had scarcely any effect. 


base 


1€] 


Heat Treatment 


The impact test is a reliable guide to correct heat treat. 
ment and reveals temper brittleness in steel and boiler 
plate. 

Izod tests on 70° V-butt welds made with blue asbestos 
coated electrodes (130 amp., 24 v.) in '/2-in. thick boiler 
plate (22-24 tons tensile) were reported by Lea and 
Parker.”* The round Izod specimens were in the as. 
welded, normalized or annealed condition. Care was 
taken that the bottom of the notch was below the top 
run metal. At temperatures below freezing, the notch 
impact values were very low. 

The transition zone for the as-welded specimens was at 
0 to —20° C. The results, Table 29, show that heat 
treatment was not advantageous at the low tempera 
ture, where the as-welded specimens averaged about 50°, 


Table 29—Effect of Heat Treatrment on Welded Boiler Plate 
Lea and Parker’ 


Type of — 
Weld 


—Izod Value, Ft.-Lb. 
As-Welded Normalized Annealed 
{41.5 53.0 50.0 


2 


“0.0 


Temp., °C 

+100 ) 
17 
18 26 
12.5 | 


{55.5 64.5 


59.8 
22.5* 
2.5 

60*: t 

58* 
+ 100 48.3 
4+ 36.7 
| 

13* 


3.9" 
1.0* 
42.5*: 1 32* 
36.7° 15 
Chemical Analysis of Welds and Weld Metal 
Cc Mn N 
WwW 0.10-0.11 0.22-0.29 0.016-0.040 
P 0.07 0.25 0.026 
U 0.06 0.065 0. 066 


* Specimens tested 18 mo. after preparation. 
t Specimens cooled to —73° C. before being tested at room ‘ 
perature. 
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higher notch-impact value. However, both annealing 
and normalizing improve -d the Izod value 20% at +100° 
C. The low-temperature values for the welds were com- 
par: ble to those for unwelded mild steel plate (61,500 
psi tensile strength). 


ch-impact tests on V-butt welds were made by 
cnedfiies™ on DVMR specimens with notch in root of 
The chemical analysis of the plates and weld 
The results, Figs. 18, 19 and 


weld emi 
metals is given in Table 30. 


Table 30—Composition of Plates and Weld Metals Used by 


Quadflieg*’ 
Cc Mn Si P S Cu Cr 
Steel A (0.41 in. thick) 0.18 1.01 0.40 0.05 0.02 0.58 0.42 
Steel B (0.47 in. thick) 0.15 1.04 0.56 0.04 0.02 0.41 0.15 
N2 Or 
Electrode 4 for B 0.09 0.48 0.18 0.043 0.05 0.032 0.109 
Electrode 5 for B 0.15 0.79 0.09 0.06 0.034 0.017 0.004 
Electrode 6 for A 0.11 0.85 0.05 0.046 0.043 0.024 nod 


2), show that heat treatment lowered the notch-impact 
value at subzero temperatures. 

With electrode 4 on plate B, Fig. 18, water quenching 
from 850° C. followed by drawing at 600° C. lowered the 
transition zone by 30° C. DVMR value was raised up 


+300 +500 *600 
Temperature °C 


*400 


DVMR Value (mkg//cm@) 


unwelded base metal 
as-welded 
weld heated to 850° C., slowly cooled 
weld heated to 850° C., rapidly cooled 
weld quen hed in water from 850° C., 
Fig. 18—Notch-Impact Value (Mesnager, Kgm./Cm.*) as a 
Function of Temperature of Test for Plate B Welded with 
Electrode 4 in Table 3. Quadflieg** 


Curve 9 


drawn at 600° C 


to 1 mkg./cm.? at all temperatures if a slag inclusion was 
in the middle of the fractured section. However, the 
impact value for either the as-welded or normalized 
specimens was reduced as much as 3 mkg./cm.? if the 
Slag inclusion was at the base of the notch. No satisfac- 
tory explanation was given by Quadflieg. Normalizing 
lowered the impact value at +20 to — 80° if 

With electrode 5 on plate B, Fig. 19, normalizing low- 
ered the impact value at — 100 to +25° C., whereas an- 
nealing above Ac; lowered DVMR value to zero at tem- 
peratures below —20° C., as shown in Fig. 20. The 
unwelded base metal had lower DVMR value than the as- 
welded specimens at the minus temperatures. 

Aysslinger** made Charpy tests on quenched V-welded 
specimens ( (0.59 x 1.18 x 6.3 in.) with a cross section of 
0.39 in.? back of notch; the span was 4.7 in. Quenching 
from 650 or 750° C. with or without subsequent annealing 
for 2 hr. in boiling water had no serious effect on any of 
the specimens. Strain aging tests lowered the DVMR 

value of both plate and weld from 10 to 3-5 mkg. /em.? 


> a —4 
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oO 4 la? 

| 

5 | 
| le | 
200 |-$0 |:0 | #$0 +100 +200 *300 +400 +500 
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~— Temperature °C 

Curve 5—unwelded base metal 

Curve 10—as-welded 

Curve 11—weld heated to 850° C., sl eae cooled 

urve 12 welded ite 850° C., ily cooled 


Fig. 19—Notch-Impact Value (Mesnager, to Cm.*) as a 
Function of Temperature of Test for Plate B Welded with 
Electrode 5 in Table 30. Quadflieg™ 


whereas the plate was brittle in the transverse section 
and had only 0.3-1.0 mkg./cem.? value. The welds were 
made with covered electrodes in boiler plate containing 
0.20 C, 0.44-0.77 Mn and up to 0.34 Si. 

The notch-impact value of 60° double V-welds in mild 
steel (0.13 C, 0.51 Mn, 0.35 Si) was 4 to 5 mkg./cem.? 
at 100 to 200° C. and had fallen below 1 mkg./cm.? at 
—80° C., according to Zimmermann.” Stress annealing 
for 3 hr. at 600° C. raised by 5% the impact value and 
annealing '/s hr. at 930° C. followed by air cooling raised 
the value 20° However, the zone of transition was not 
significantly shifted by these treatments. The electrode 
was positive and contained 0.08 C, 0.45 Mn and 0.35 Cr 
and the welds were made in eight runs (four on each side, 
alternately). 

Zeyen”™ studied the effect of alloy content, heat treat- 
ment and temperature on the notch-impact strength of 
metallic arc and oxyacetylene welds in a steel containing 
0.12 C, 0.14 Si, 0.54 Mn, 0.020 P, 0.023 S, 0.11 Cu, 0.11 
Ni and 0.17 Cr. The size and form of the specimen are 
shown in Fig. 21. The chemical compositions of the 
rods and the notch-impact values for the welded joints 
are given in Tables 31 and 32, respectively. 

The specimens were tested at temperatures ranging 
from —50 to +400° C. However, since this review is 
concerned only with low-temperature properties, the 
values at +20 to +400° C. have been omitted. 

The results, Table 32, lead to the following general 
conclusions: (a) A normalizing treatment proved bene- 
ficial for both the gas-welded and the unwelded speci 
mens, the only e sountion being weld E (high Ni-Cr) which 
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2 


ae 


=| 

= 
Ad Ps 


- -$0\20|+$0 000 #3800 +400 +800 
Temperature °C 


DVMR Impact Value 


Curve 13 
Curve 14 
Curve 15 


snwala } ] 
unwelded base metal, 
as-welded 


weld heated just below As, cooled slowly 


on Fig. 20—Notch-Impact Value Kom. Cm.*) as a 
at 20 C. The welded specimens had 4 mkg. cm.” at Function of Temperature of Test for Plate A Welded with 
~60° C., the fracture showing considerable ductility Electrode 6 in Table 30. Quadflieg™ 
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Table 31—Chemical Composition of All-Weld-Metal* of Rods Used by Zeyen” 


Welding Cc Si P Ss Cu Ni Cr Mo 
.O7 Trace 0.022 0.028 .15 0.03 0.01 
B 0.08 0.022 0.030 14 0.08 0.02 
Cc Gas 13. 0.12 0.020 0.028 .12 0.04 0.01 
D| a 0.33 0.010 0.013 ra 0.13 0.64 
E} 14 (0.68 


0.014 0.018 0.09 19.5 25.3 
F, bare unalloyed 0.02 5 + 


0.028 0.030 
G, lightly dipped, unalloyed 0.02 0.026 0.029 0.10 
J, cored, alloyed 0. 0.06 0.018 0.020 0.09 
L, medium coating, unalloyed 0. Trace 0.029 0.024 .13 
O, heavily coated, Mn-Mo 0 0.06 0.023 0.016 -1l 
Q, heavily coated, Si-Mn 0. 0.56 0.017 0.015 van 
T, medium coating, high Cr- 0. 0.67 

0 


0.01 090 
130 
.090 
094 
001 


0.01 
0.03 

0.017 0.018 18.5 
Ni-Mn 


U, medium coating, high Cr-Ni) 


o 


>Metallic 


0.71 0.019 0.017 0.08 042 0.0008 


* Taken from actual joint. 
t All rods 0.157 in. thick. 


4 


| Fig. 21—Notch-Impact 
' Specimen in 60° V-Butt 
Weld. Zeyen”™ 


2.65 Si, 0.6 Mn, 0.07 P, 0.05 S, 0.04 Cu) 60° double y 
(700° C. preheat). The impact specimen was 0.39 x 
0.39 x 2.17 in. long, 0.12-in. notch, 0.08 in. diameter. 
Annealing for.3 hr. at 900° C. raised impact value 5 to 


7% above that for as-welded specimens, and partly 
eliminated internal stresses. The unwelded specimens 
had 10% higher impact value than welds throughout the 


showed better properties (11 mkg./cm.? at —50° C.) range —195 to 200° C. 


after annealing. Zeyen ascribes this to carbide precipita- 
tion (no evidence). Aging lowers DVMR value of both 
unwelded and welded specimens. The best value ob- 
tained at — 50° C. in the low-alloy gas-welded specimens 
was 6 mkg./cm.? for the Cr-Mo weld (D), all the others 
having values not exceeding 2.5 mkg./em.? Apparently, 
increasing alloy content was beneficial. (b) The metal 
are welds show much the same trends as the gas welds. 
Alloying elements raise the notch-impact strength at low 
temperatures (see welds O, Q, T). It is interesting to 
note that welds O and Q which have approximately the 
same chemical composition (except for addition of 0.49 
Mo to O) showed opposite tendencies at —50° C., the 
impact strength of O decreasing and that of Q increasing 
on annealing and normalizing. 
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Ferrous and Nonferrous Materials -200 120 


Cast Iron.—The notch-impact value (mkg./0.7 cm.’) 
at —195 to +200° C. of as-cast and metal arc-welded 
gray cast iron (2.9 C, 1.7 Si, 0.4 Mn, 0.08 P, 0.03 S) and 
black-heart malleable cast iron (2.6 C, 0.4 Mn, 0.8 Si, 
0.1 P, 0.06 S) has been determined by Zimmermann” 
whose results are shown in Figs. 22 and 23. The gray 
cast iron was welded with 0.24-0.32-in. electrode (2.8 C, 


Curve 1—unwelded 
Curve 2—as-welded 


Fig. 23—Notch-Impact Value (Mkg./0.7 Cm.?) of Hot Metal Arc 
Welds in Black-Heart Malleable Cast Iron. Zimmermann” 


The same type electrodes and welding procedure were 
followed for the black-heart plates. The weld was, of 
course, gray cast iron and its impact value was identical 
to that for welds in gray cast iron. The unwelded speci- 
mens had 18-30% higher impact value than welded de- 
pending on temperature. 

Cast Steel—Zimmermann™ also reported the notch- 
impact properties of welded cast steel (0.14 C, 0.60 Mn, 
0.38 Si, 0.02 P,0.02S). The electrode contained 0.05 C, 
0.45 Mn, 0.35 Cu, 0.027 P, and the welds were made 
with 60° X, 0.12 in. root spacing in 0.6- to 0.8-in. plates 
The specimens were 0.39 x 0.39 x 2.18 in. with 0.12-10. 
notch, 0.08 in. diameter. The values, Fig. 24 at — 40 to 
+ 100° C. are averages of 4 specimens, at other tempera 
tures the results are averages of 3 specimens. Annealing 

~at 930° C. was very advantageous and the diffraction 
pattern of the original material revealed that such treat- 
ment completely removed internal stress. The welded 
specimens had about 20% lower DVMR value than un- 
welded at all temperatures and the curves were similar to 
those obtained by the author for mild steel. 

Aluminum and Aluminum Alloys.—The effects of low 
temperatures on the notch-impact properties of oxy- 


@ 


DVMR Value (mkg/0.7 cm) 


-40 O +40 +{20 


Temperature °C 


+Z00 


unwelded 
Curve 2—welded and annealed at 900° C. 
Curve 3—as-welded 


Fig. 22——-Notch-Impact Value (Mkg./0.7 Cm.*) of Hot Metal Arc 
Welds in Gray Cast Iron. Zimmermann’® 


Curve 1 
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Table 32—DVMR 


Heat Heat 


Tointt Treatment? +20° C. —50° C. Jointt Treatment} +20° C. —50° C 
Unwelded ms 15.0 1.0 G As-welded 3.5 1.0 
b+a 20.0 1.0 a 3.0 0.7 
b 18.0 11.3 b 3.8 0.5 
b+e c, d, e 0.5-1.0 
b+a+e> 13-13.5 J As-welded 5.0 1.5 
b+b te} a 3.0 1.0 
A As-welded 6.5 1.0 b 3.5 0.5 
B As-welded 6.0 0.5 c, d,e 1-1.5 
a 10.5 1.0 O As-welded 11.5 7.5 
b 14.0 1.0 a 13.0 6.0 
c, d,e 0.5-1.0 b 14.0 3.5 
ee As-welded 9.5 1.0 c,d 7-5.5 
a 11.5 1.0 e 4.5 
b 13.5 2.5 Q As-welded 9.0 6.0 
c, d,e 1-1.5 5 a 10.5 6.5 
D As-welded g 2.0 b 11.5 7.0 
a 13.5 2.5 c,d,e 1.5-5.5 a 
b 16.0 6.0 y As-welded 13.5 6.0 
c, d,e 1.04.0 a 11.5 5.0 
E As-welded 12.0 9.5 b 10.5 3.5 
a 14.0 11.0 c,d 7.5-8.0 
b 11.5 0§ e 1.0 
c,d 9.5-10.0 ‘e U As-welded 13.5 12.0 
e 5.0 a 14.5 12.5 
b 12.5 9.0) 
c,d 9.5 
€ 5 5 


* These values were obtained from small scale graphs and are therefore only estimates +0.5 
' For composition see Table 31. 

t a—Annealed (2 hr. 600° C., furnace cooled). b—Normalized ('/, hr. 900° C. air cooled). c—aged (10% deformation, '/, hr. 250° C 
air cooled). d—Annealed and Aged. e—Normalized and aged. 
5; At —70° C. it is still 7.0. 


acetylene welded aluminum have been studied by Zim- 


mermann’® as well as by Holler and Schnedler." 

In Zimmermann,'s” tests the DVMR value of the . 
welds (60° X with 0.i2-in. gap) was only 50 to 60% of Bin 
unwelded base metal (99.5% Al plate, 32 in. long, 1.6 in. x4 rs 5 5 
wide, 0.59 in. thick). Unwelded base metal did not ea 64 4 
fracture at the low testing temperatures, hence its notch- OF 54 ae 
impact value was not recorded. The welds were made Bad 4123 
with aluminum filler rods (0.24—0.32 in. diameter) using =| 5 ,: / 

autogal flux. Radiographic examination revealed very 
few defects, but the welds showed inclusions (presumed = 24 ' rd 
to be AlgFeeSi;) in the fractures. Cold peening was done rs 1; 
under a forging hammer and from the results, as listed in 0 ‘e) 
Table 33, it appears that it was not advantageous. How- “200 -I20 40 0 +40 +120 +200 
ever, im room temperature tests on 0.39 and 0.79-in. 
thick plates (see footnote, Table 33, for details on plates Tempe rature C 
and specimen) both cold peening and hot peening were 
beneficial and improved the notch-impact strength of the Curve 3—welded.annealed 600° C 
weld 20 to 100%. The highest DVMR value (welded) Curve 4—welded-annealed 930° C 


was recorded at —40° C. Fig. 24—Notch-Impact Value of Arc Welds in Cast Steel. 
Unusual results have been reported by Holler and Zimmermann” 


Table 33—Low-Temperature Notch-Impact Value (Mkg. /0.7 Cm.’) of Oxyacetylene Welds in Aluminum and 12.5% Si Alloy 
Zimmermann’ 


Notch-Impact Value, Mkg./0.7 Cm.? 


Base Metal Treatment +20° C. Cc. —~190° —1986° C 
99.5 Al Unwelded 7.4.8.6)" 
10.5 (11.8)t 
As-welded 7.36 7.60 7.58 7.75 7.32 6.60 5.72 
Welded and cold peened 5.18 5.00 3.75 5.41 5.56 4.50 4.08 
Silumin (Al-12.5% Si) Unwelded 1.57 1.62 1.70 1.65 1.44 22 1.04 
As-welded 0.73 1.40 1.45 1.36 1.30 1.18 0.99 


_* DVMR specimens (0.39 x 0.39 x 2.16 in., notch in root of weld metal 0.11 in. deep, 0.08 in. diameter) 0.394-in. thick plate, annealed 
Value in mkg./cem.? 

' VGB specimens (0.8 in. wide, 1.1-in. deep, 5 in. span; notch through center line of weld 0.6 in. deep, 0.15 in. diameter Annealed 
Plate, 0.79 in. thick. Value in mkg./cm.2. Numbers in parentheses, hard-rolled plate. 
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Fig. 25—-Effect of Low Temperature on Notch-Impact Value. 
Base Metal: 99.46 Al, 0.33 Fe, 0.21 Si. Holler and Schnedler'* 


Schnedler’® who used DVMR specimens (see footnote, 
Table 33) machined from half-hard Al plate (99.46 Al, 
0.33 Fe, 0.21 Si) 0.39 in. thick. The notch-impact re- 
sistance of the unwelded specimens, Fig. 25, sharply in- 
creased between +20 and —40° C., then became more or 
less level and at — 195° C. reached a maximum value of 
9.7 mkg./cm.*? which is about 35% higher than that at 
room temperature. Two reversals in strength occurred 
at —40 and —120° C. with the welded specimens, the 
room temperature DVMR value increasing approxi- 
mately 15% at —195° C. The authors were unable to 
offer a satisfactory explanation for the unusual and un- 
characteristic trends followed by their curves which, it 
should be noted, do not conform with Zimmermann's’® 
results, Table 33. Welding was done with aluminum 
rods (containing some titanium) and autogal-A flux. 

Silumin (Al-12.5 Si).—Zimmermann*® determined the 
notch-impact value of silumin at temperatures ranging 
from +20 to —195° C. Welding was done with firinit 
flux and a rod containing 12.5% Si. The DVMS speci- 
mens employed were 0.39 x 0.39 x 2.16 in., 45° V notch in 
root of weld 0.11 in. deep, 0.02 in. radius at base of notch. 
Silicon obviously lowered the notch-impact value of the 
weld (confirmed also by Daniel’’), the silumin specimen 
having only 20% the impact value of 99.5 Al weld metal, 
Table 33. Maximum low-temperature notch-impact 
value was attained at — 20° C. 

Monel Metal.—Ackerman”™ reported results on 45° V 
notched, arc butt-welded, */s-in. thick Monel plate 
(weld ground flush). The welds had 78 ft.-Ib. Charpy 
impact value at room temperature and 73 ft.-Ib. at — 310° 
F. The difference in average values was claimed to be 
smaller than the scatter of values at any one tempera- 


Poa 
—epper Tar 


Fig. 26—Diagrammatic Sketch of Cooling Chamber with 
Specimen, Jig and Cross Arm Immersed in Cooling Bath. 
Henry” 
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ture (no details). Ackerman concluded that t}, 
impact resistance of Monel was of the same ord; 
nitude as other well-made Monel castings. 


hot 
Ol mag 


Results of Other Impact Tests 

Tensile Impact.—To date, tensile-impact test at jp, 
temperatures has been applied to welds only at the ry) 
tively low velocities available in machines of the p 
lum type. 

Tensile-impact tests of machined butt and atomic }) 
drogen welds in mild steel at +20 to —80° C. were maj 
by Henry.’-” The tests were conducted on an (jse 
impact testing machine which was converted into a te 
sile-impact machine of about 126 ft.-Ib. capacity, Fig, 
26, 27. Velocity of blow was approximately 12 ft. pe; 
second and the specimen was 0.80 in. parallel section, 
0.20in. diameter. No provisions® were made to eliminat, 
bending of the specimen during test. Referring to th 
results in Table 34, it is seen that the room temperatury 
impact energy and ductility decreased about 20° , 
—80° C. with unexplained variations at intermedigt 


ndy 


Fig. 27-—-Close-up of Jig, Specimen and Cross Arm Clamped 


in Vice of Olsen Impact Testing Machine. Henry” 


temperatures. The transition zone appeared to be it 
the vicinity of —40° C. The unwelded base metal had 
about the same ductility but 20% higher impact strength 
at all temperatures. 

Bronze-welded joints had about one half the fractur 
energy and ductility of the resistance butt welds and 
these values were approximately 60% lower than for the 
unwelded 0.25 C steel plate. 

Similar results were obtained with the gas- and are 
welded 18-8, in which the fracture energy was slight) 
higher at room temperature than at —80° C. Ductilit) 
decreased about 20% for the welded plate and remained 
practically unchanged for the unwelded 18-8 at —SU C 
Rupture energy for the unwelded specimens was 4()', 
higher than both oxyacetylene or arc welds and 5! 
higher than the unwelded mild steel (0.25 C). All frae- 
tures were fibrous at +20 and —80° C. The specimens 
were tested in the as-welded condition. 

Of the two single-pass 90° V oxyacetylene welds in twe 
cast aluminum alloys, */s in. thick, the 4% Cu alloy |% 
T, (heat treated for 12 hr. at 960° F. followed by a boiling 
water quench) averaged about 7% higher impact valu 
than alloy No. 43 (5% Si), the transition zone being al 
—60° C. The weld metal was of the same compositio! 
as the base metal. The fracture energy for both welds 
and base metals was practically the same at —S80° ©. 4s 
at room temperature. The specimens were tested 1 tlic 
as-welded condition. 

Low-temperature tensile impact tests on 60° \-dull 
welds made in '/»-in. thick plates (2 to Ni, 0.20 
C) with a heavy coated electrode were reported by 
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der of may Table 34—Average Tensile-Impact Properties of Welds (Ft.-Lb.) at Low Temperatures. Henry and Co-workers’. '’)” 


Elongation, Reduction of 
Rupture Energy % in 0.80 In Area, % 
Base Metal Welding Method +20° Cc. —8s0° C +20° C. —80° C 4+9)° C 
est at Io iid steel, 0.25 C Unwelded 83 66 41 25 59 
t Electric butt 61 52 25 18 
Atomic hydrogen 10) 3: 21 
he pendy Naval bronze brazed * 28 2: 16 
High strength brazed! : 3: 2} 18 

iLomic h Austenitic Cr-Ni steel, 18-8 type Unwelded 
Vere mad Oxyacetylene 

Metal are 

x 
nte Metal arc? 

Unwelded? 

12 ft. ; Aluminum alloy No. 45 Unwelded 

Oxyacetylene 
Se€ction 
 eliminat. Aluminum alloy 195 T, Oxyacetylene 
Unwelded 
ing to the 
hperature * See Table 6 for composition of welds. 

6 esults of high-strength bronze welds that failed in the scarf are not included in these averages 

20% R gh-streng 

' ! Specimens were given two blows and values added. 
ermediat 


— 


Warner"! For tests at room temperature the specimens welds machined flush, became very low as shown in Table 
were '/, in.*, 1 in. parallel section; for low-temperature 35. Stress relief at 600° C. (time not stated) added a 
tests the cross section was '/) x ‘/,4in. and the specimens few foot pounds to the tensile-impact value of base metal; 
required one half as much energy to fracture asthe larger its effect on the welds, however, was not determined. 
pecimens. At low temperatures, the tensileimpact A higher carbon content appears to have been disad- 
value of the higher carbon-nickel steel specimens, with vantageous since 0.20 nickel steel (0.2 C) was better than 
a 2'/s% Ni, 0.35 C steel. It is interesting to note that 

- while the welded 2% Ni steel was better than the 3'/» Ni, 

Table 35—Tensile-Impact Value (Ft.-Lb.) of Arc Butt Welds 0.35 C steel it was no better than the 0.20 C steel in 


in Nickel Steel. Warner**! tensile-impact value at room to —100° F. The maxi- 
mum Vickers Brinell hardness in the heat-affected zone 
Base Metal Room Tensile-Impact Value, Ft.-Lb.—— — . 
«60° F. 50° F. 75° F.. —100° Was nearly proportional to the tensile impact value. At 
90-240 90-110 210-280 30-40 40 20-30 room temperature the welds had 10 to 20°, lower frac- 
290-3: 250-% 200-2 70-35 ons 
a 200-280 60 150-220 100-190 welds and velocity of blow were not mentioned. 
Hi Test.—The i ance of full-scal 
3 * Values obtained from small graphs (+5 ft.-Ib.). ammer i est.- 1e importance of full-scale tests to 
P _ prove the value of the finished product was pointed out 
by Hopkins® in his test on a tank § ft. long, 4 ft. inside 
to be ir diameter, made of 1'/, in. thick nickel steel containing 
etal had 0.14 C, 0.57 Mn, 0.17 Si and 2.16 Ni. Two grades of 
strength coated electrodes (no details) were used. The tank, 


filled with gasoline and a pressure of 250 psi was sub- 
merged in an insulated vessel which was also filled with 
gasoline, Fig. 28. After 12 hr. at —50° C., the nickel 
steel tank was struck with a hammer, the 250 psi. 
pressure in the tank being maintained throughout the 


iracture 
elds and 
n for the 


and _ aes Gane test. The weld was hammered along its center as well 
slight); as both sides, but no cracks were produced. Hopkins 
Juctility concluded that the fabricating characteristics were good 
emained 0a ‘ and that the low-temperature impact value of all welds 
vee ING PR 
nd 50! 4 
1] fr upport CLames 
All frac- ouree Suggested Research Topics 
ecimens INSULATION 
s in tw “COOLING BaTH 1. Low-temperature notch-impact tests of weld and 
lov 195 pe a heat-affected zone in welded nonferrous alloys. 
boiling Hew 2. A classification of the relative effect of alloying 
t value hese) elements and deoxidizers from covered electrodes on the 
eine at Hast behavior of welded joints at subnormal temperatures. 
position ht Fuoor Leven 3. A comprehensive study of the comparative merits 
h welds ASR of different heat treatments on the low-temperature me 
r Gu chanical properties of welded joints. 
d in the 1. Effect of low temperatures on the physical proper- 
= a4" ties of joints as-welded, in bridge steels, particularly 
\-butt A.S.T.M.-A7 steel. 
1) 0.35 Fig. 28—Layout for Subzero Test on Nickel-Steel Tanks. 5. Low-temperature static tension tests using welded 
ted by Hopkins*! notched specimens. 
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The author states that it is now accepted that welding 
should be used for certain types of ship and for certain 
parts of all ships. 
welding as it affects design and construction. The struc- 
tural arrangements in cargo ships are shown by dia- 
grams: (1) a normal riveted ship structure in which 
welding is used to a minimum extent; (2) a compromise 
design in which an all-welded double bottom is incor- 
porated and welding is used for all medium-weight 
material such as tank tops, bulkheads and second decks; 
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(3) an arrangement in which all the structure is welded 
with the exception of the side frames, which are riveted 
to the shell; (4) an arrangement in which all the stru 
ture is welded except the side shell seams; and (5 

100%, welded structure, which is preconstructed i 
units greater or less in size and weight according to yard 
equipment. The choice of system may be based on yard 
facilities or upon technical or economic grounds, tv 
latter considerations being so closely interwoven thal 
they must be discussed together. These five types art 
considered in detail from every point of view, and tl 
factors influencing the economy of welded construction 
are summarized. Two designs are shown by diagram 
which lend themselves to preconstruction in large 0! 
small units, and combine riveting and welding in 2") 
proportions that available resources render advisabl 
These designs are also discussed in detail. Types °! 
welded joints, manual or semi-automatic, are tabulate¢ 
in an appendix, with brief notes on the welding procedur 
for these joints. In the discussion that followed, !. F. 
Spanner advocated the use of castellated or serrate’ 
stiffeners for stiffening shell deck and bulkhead p! 
and J. Turnbull presented a method of construction, pre 
construction and assembly for double bottom structures 
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Summary 


Equipment and Technique 


No attempt has been made to standardize equipment 
for peening although the disadvantages of using im 
properly shaped tools are recognized. Light blows 
applied with rounded tools, used in pneumatic hammers, 
are preferred; wooden hammers are sometimes used for 
the lightweight and softer alloys. Quick, light blows are 
emphasized because only a small amount of plastic flow 
is necessary to stress relieve a welded construction. 
Furthermore, overpeening may produce new stresses, 
cracks or defects such as overlapping and flaking. Most 
codes prohibit peening of the first two and last layers 
in are-welded joints to prevent cracking and hardening. 
The last layer may be peened if the structure is to be 
subjected to a subsequent stress-relief heat treatment. 

Although some authorities frown upon peening as a 
stress-relieving medium, nearly all agree that if properly 
controlled, it prevents or corrects distortion. Most 
authorities recommend that peening be preceded by a 
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cleaning operation in order to prevent entrapment of 
slag and flux. In nonferrous peening, a backing-up 
strip is often necessary. 


Degree of Peening 


Inasmuch as the subject of peening has not been 
scientifically studied, the A.P.I.-A.S.M.E. Code for 
Unfired Pressure Vessels prescribes a method for check- 
ing the effectiveness of a peening procedure in an actual 
welding operation. According to this code, punch 
marks should be made on opposite sides of the weld; the 
distance between these marks should be kept within 
+1/s in. by peening during the welding of the seam, 
the first measurement being made after two layers of 
weld metal have been deposited. If the peening has 
been executed so as to hold the deviation in distance 
between punch marks to a minimum until the weld has 
been built to a depth of 1'/, to 1'/2 in., the same degree 
of peening may be applied safely to the remainder of 
the weld. 


Temperature of Peening 


In general, mild hot peening seems to be preferred to 
cold peening. Peening at elevated temperatures, within 
limits, has the advantage that the hot metal is more 
ductile and lighter blows are needed; therefore, detri- 
mental effects are less likely to occur. The danger of 
producing cracks in some metals, by peening in the 
“blue brittle’ range (800-700° F.) is stressed by several 
authorities and codes. With metals not exhibiting 
allotropy, cold peening is essential for recrystallization. 
Metals which show low ductility at elevated temperatures 
should, likewise, be peened cold. Hot peening is 
recommended for copper by several authorities but this 
does not always hold true for some of its alloys. In the 
case of light metals and alloys, most authorities agree 
that peening should be done at a temperature of about 
300° C. 


Effect on Relief of Stresses 


Practical considerations point to the fact that peen- 
ing is an absolute necessity in some structures involving 
restrained welds where thermal stress relief is not 
possible. In some thick-walled vessels, peening be- 
tween layers is necessary to prevent cracking before 
completion of the weld. One of the most important 
functions of peening is to relieve the restraint, causing 
residual stresses, by bringing the stressed weld metal 
above its yield point and adjusting the stresses propor- 
tionately to the amount of flow produced by peening. 
Residual stresses occur in welded structures not only 
as a result of contraction of the weld metal but also 
because of expansion and contraction of the base metal, 
due to the heat effect of the welding operation. 

Numerous investigators have emphasized the efficacy 
of peening in controlling the shrinkage stresses resulting 
in the welding of cast materials. In the are welding of cast 
iron (with covered Monel electrodes) several authorities 
recommend peening of every 2-in. (max.) run. After 
every second layer, the deposit is caulked, which is said 
to relieve welding stresses and to improye the toughness 
of the weld. . 

Peening is effective in reducing peak residual stresses 
in butt welding (are and gas) circular patches in plates. 
In mild steel peening may improve the structure and 
physical properties of the welded joint. Hot and cold 
peening are beneficial in reducing reaction stresses. 


Effect on Distortion 


As stated before, practically all authorities arp ;, 
agreement that peening may be successfully seq + 
overcoming distortion or warping. It is effective » 
removing buckles in spot-welded panels. Peening , 
layers in butt-welded steel of thin and thick mater 
is effective in correcting distortion. Thin material } 
to be supported during peening operations.  Excesgiy. 
peening may itself cause buckles. All authorities gee, 
to favor light peening. In unrestrained welds both hg 
and cold peening are effective in correcting distortio; 
In restrained welds, unless due account is taken 9 
subsequent shrinking of the base metal, hot peenin, 
may not be as effective as cold peening. In welding 
broken parts of castings, exact alignment of parts m; 
be maintained throughout the entire welding operatio, 
if properly gaged. 


Effect on Mechanical Properties 


Plain Carbon Steels 


Oxyacetylene Welds: Hot rolling (having presun 
ably the same effect as hot peening) improved the ter 
sile strength and notch-impact values of oxyac 
butt welds in mild steel (C up to 0.19%). Surface te: 
perature 650-700° C. appeared to be most effectiy 
Coarse-grained structure changed to fine-grained | 
the rolling process. 

The notch-impact values of hot-peened gas welds i: 
0.79-in. thick boiler plate were considerably higher tha 
those in the as-welded condition. A 30% improvem 
in impact values was also found in hot-peened gas weld 
in St 60 (0.33-0.37 C, 0.6 Mn, 0.3 Si). Normalizing 
after peening brought still further improvement. Severs 
investigators found that hot peening improved ductilit 
and impact values of gas-welded joints in mild steel t 
an amount equal to annealing. Ductility was mud 
better with hot-peened specimens than cold-peen 
specimens. 

Are Welds: Tensile strength, ductility and torsior 
strength of shielded arc welds in l-in. thick mild stee! 
plate (0.25 C) were somewhat improved by cold peenu 
Hot peening gave more satisfactory results than « 
peening in so far as ductility and tensile tests were 
cerned in arc-welded steel plates */s in. thick. 

Fatigue test results were not affected by | 
shielded-are butt welds in °/,-in. carbon plate (().1° 
0.50 Mn). Negligible improvement was noticed in t! 
endurance value due to peening. Bare wire welds 
the other hand, were somewhat improved both) as | 
structure of deposited metal and endurance values " 
fatigue. One set of investigators report that the efi 
of hot peening was to increase to some extent the tatig 
strength of */s-in. transverse fillet welds and to recu 
greatly, the fatigue strength of longitudinal fillet we! 
made in structural grade carbon steel (A.S.T.M 


Alloy Steels 


Hot peening improved notch-impact values 
welds in 0.39-in. thick, St 52 steel, containing 
0.60 Si, 1.8 Mn, 0.40 Cu. A reverse layer w 
effective but hot peening followed by a rever 
increased the bending angle of the as-welded sp 
from 80-90° to 180°. 


Non-ferrous Materials 


Copper.—tIn general, cold peening of copper raises 
tensile strength and hardness at the sacrifice ©! som 
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ductility. When peening is done at a suitable tempera- 
ture or is followed by an adequate heat treatment, it 
ameliorates most of the ill effects arising from the welding 
operation. A corrective treatment consisting of mechan- 
ical work plus heat is indispensable for quality welding 
of electrolytic or tough pitch copper. In the case of 
deoxidized copper welded with deoxidized copper rod, 
peening is applied to relieve locked-up stresses and to 
promote grain refinement but it is not essential in so far 
as strength and ductility are concerned. Annealing in 
the neighborhood of 1050° F. is recommended. These 
remarks apply to both are and gas welds. 

Copper-Silicon Alloys.—Arc-welded joints in Everdur 
which were subjected to cold peening followed by anneal- 
ing at 650° C. were considerably improved in so far as 
tensile strength and ductility are concerned. 

Nickel and Nicorros.—Hot peening has been found to 
raise the tensile strength of gas welds in nickel sheets 
from 75-95%, to values considerably in excess of that 
of the unwelded base material. Ductility was also 
improved. 


Lightweight Metals and Alloys 


Aluminum.—The mechanical properties of aluminum 
and its alloys may be considerably improved by cold or 
hot peening. Hot peening (at 350° C.) seems to be 
preferred to cold peening which, according to some 
authorities, is less effective and more dangerous in regard 
to developing cracks. From the standpoint of tensile 
properties, peening appears to be superfluous in the case 
of heat-treatable alloys, even if peening is followed by 
aheat treatment. This is so because the heat treatment 
alone raises the strength of the welded joint close to 
that of the heat-treated base metal. 

These remarks apply to are, gas and atomic hy- 
drogen welds in '/ ,-in. sheet and over. 

Magnesium and Its Alloys.—Peening has practically 
the same effect and is as much a part of good welding 


dis 


practice for some magnesium alloys as for aluminum. 
In general, peening is confined to 3.5-5% Al and to 


1.2-2% Mn alloys and is performed at 300° C. (#30° C.). 


Grain Refinement 


Peening may be compared to a hot working process 
in a normal metallurgical practice in that it would, to 
a certain extent, prevent the formation of an exces- 
sively coarse* structure. 

Due to absence of allotropic transformation, certain 
metals are not refinable by heat treatment; therefore 
cold working is essential for recrystallization. In fact, 
heating a metal or an alloy of this type can only coarsen 
the structure. 


Hardness 


Peening increases the hardness of weld metal in steel 
to some extent which is the principal reason why most 
codes prohibit peening the last layer unless a thermal 
stress relief is to follow. Subsequent layers over the 
peened surface generally remove the hardening effects 
of peening. 


Miscellaneous 


Corrosion Resistance 


Failure to remove all remains of flux, slag and other 
impurities prior to peening has a pernicious effect on 
the corrosion resistance of some materials. Several 
authorities state that peening followed by annealing 
improves the corrosion resistance of welded aluminum 
and recommend such treatment for nitric acid equip- 
ment. 


Peening—Its Effects on Relief of Residual Stresses, Distortion 
and Mechanical Properties of Welds 


Introduction 


EENING is defined as the mechanical working of 

metals by hammer blows, rolling or other suitable 

means, for the purpose of reducing shrinkage 
Stresses, correcting distortion, refining the grain struc- 
ture and also for improving the mechanical properties 
of welds. In addition, peening is effective in reducing 
the porosity, increasing the corrosion resistance, im- 
proving the appearance and maintaining required ma- 
chining tolerances when salvaging partially and com- 
pletely machined weldments, castings and forgings. 

(he use of peening.to control the aforementioned 
conditions has been greatly handicapped by lack of 
quantitative information regarding correct procedure 
and its relative effect on different materials. There- 
lore, in its present state, peening is an art, the successful 
application of which depends almost solely on the welding 
ig isor’s experience and judgment, and the operator's 

Unless otherwise specified, the term peening, as used 
in this review, refers to manual working of metals by 
means of hammer blows at normal, room temperature. 


1944 PEENING OF WELDS 


Equipment and Technique 


Peening may be applied manually, by means of hand 
or power hammers or mechanically, by means of rolls, 
swaging machines or other adequate equipment 

Manual peening, either by a hand or a pneumatic 
hammer is difficult to control and according to Welding 
Handbook,' Czternasty* and Saacke® it is not generally 
satisfactory. Nevertheless, results of other laboratory 
and field investigations indicate that manual peening, 
when properly performed, has a decidedly beneficial 
effect on the weld. Furthermore, whereas mechanical 
peening is not always possible or practicable, manual 
peening is more flexible and convenient and in most cases 
also cheaper. 

A variety of peening hammers has been employed by 
different investigators. Thus Hawley and Merrell* used 
a riveting hammer with a V-shaped snap to work butt 
and bond V-welds made in a steel plate bridge floor 
(details given in section on Distortion Zimmermann’ 
employed a forging hammer, whereas Izore,° Altwicker’ 
and Kufferath* used wooden hammers to peen welds in 
lightweight metals and alloys. Saccomani and Ver 
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zillo® recommend a 0.9-lb. (400-gr.) spherical-head 
hammer to peen oxyacetylene welds in copper fireboxes 
and a 2.2-lb. (1-kg.) flat-faced hammer to smooth the 
surface of the weld after peening. The authors state 
further that the hammering must cease when the weld 
loses color and it should be performed simultaneously 
from both sides. Upon cooling, the weld should be 
thoroughly cleaned with the gouge and chisel. Hurme” 
recommends a 3- to 4-lb. hammer for peening welds in 
14% Mn steel castings (no details). The AMERICAN 
WELDING Society Bridge Code" speciffes a blunt or 
round-nosed tool preferably used in a pneumatic ham- 
mer. In this connection, Huston and Watson! caution 
against the use of sharp-cornered tools that may cut into 
the base metal along the line of the weld. Evidently 
even when the proper tool is used, great care should be 
taken to avoid gouging or shattering of the weld metal. 

Only scanty data are available to guide the operator 
in the selection of the proper weight or type of hammer 
and to indicate the intensity and frequency of blows with- 
which a particular peening operation should be per- 
formed. Practically all codes ™ and authori- 
ties. 1° consider it sufficient to generalize that peening 
should be executed with quick, light blows in order to be 
effective. For example, Saacke* simply states that when 
it is realized how little lateral expansion is required to 
relieve elastic strain (with steel at normal temperature, 
a yielding of '/,o00 in. in a l-in. gage length completely 
relieves a stress of 30,000 psi.) it becomes apparent that 
even a slight amount of peening is effective. Likewise, 
Welding Handbook’ points out that peening should be 
light because only a small amount of plastic flow is 
necessary to stress relieve a welded construction. How- 
ever, such generalities have little value when it is con- 
sidered that in the absence of definite scientific data 
there is no accurate means of determining the correct 
amount of peening, except by costly experimentation in 
each individual case. Furthermore, Underwood and 
Ash,’ Unger,” Payne™ and others’ emphasize the 
numerous evils that may result from overpeening, point- 
ing out that this may produce superimposed stresses, 
cracks or other defects such as scaling, overlapping and 
flaking, thus defeating the intended objective. 

The first two layers and the last layer of weld metal 
need not be peened, according to A.P.I.-A.S.M.E. 
Code for Unfired Pressure Vessels,*° A.W.S. Bridge Code! 
and others.'® *!_ Underwood and Ash" state that it is 
bad practice to peen welds in air-hardening cast steel 
before a sufficient deposit has been built up to prevent 
the peening tool from setting up local stress concentra- 
tion in the hardened zones and possibly cause cracks. 
weld metal deposited in cavities of steel castings should 
not be peened according to Roberts.” Similarly a French 
code*® absolutely forbids peening in the welding of mild 
steel pressure piping. Harris’ and Jasper** agree that 
the last beads should not be peened unless the whole 
welded construction is to be annealed. 

The maximum thickness of beads to be peened has 
been fixed at '/s in. by Welding Handbook! and Owens 
(private communication, November 1943). The latter 
reports that peening an are weld, wherein layers over 
'/s in. were used, resulted in transverse splitting of the 
seam, failure extending through the entire thickness of 
the weld into the base metal on both sides of the joint. 
Peening was done with a bull riveter. 

Chapman* believes that peening the parent metal 
next to the weld is sometimes useful and another in- 
vestigator™® maintains that unless this procedure is fol- 
lowed, it will be impossible to remove all of the warping 
which may result from the stresses introduced in the 
parent metal by the weld or from the plastic deformation 
produced by the original contraction. 
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In general, when peening is to be employed, ‘he we; 
metal layers should be deposited so that their surfao. 
are as smooth as possible, according to Uni leryo, 
and Ash.'® Also all undue irregularities in the wei 
surface should be removed by chipping or gri: 
order that equal work may result throughout th: 
by the application of the peening tool. In all cay 
peening should be preceded by a cleaning opcratio; 
Accordingly, all slag, flux and other foreign materj,); 
must be carefully removed and peening should follow « 
quickly as practicable. Slag and blowholes 
removed from carbon arc welds in cast steel by peening 
at red heat.” Owens (private communication, Novey 
ber, 1943) too, emphasizes that slag should be 1m 
from the bead immediately that its red color | 
appeared; a manual slagging hammer is preferable {o, 
short beads and a pneumatic scaling hammer for long 
beads or layers. 

Bainbridge* recommends scrubbing in hot water 
immediately after welding as a good method of removing 
remains of flux from aluminum and magnesium welds 
Also a 2% nitric acid solution has been suggested as 
good cleaning agent. Some ill-effects resulting frop 
failure to wash all traces of flux from the weld are dis 
cussed in the section on Corrosion Resistance. 

Several investigators have stressed the importane 
of backing up the weld during the hammering operation 
Vreeland*! recommends a manual method oi 
when peening silicon bronze vessels large enough t 
permit entrance, and a !/s- to */,s-in. gage silicon bron 
backup bar for smaller vessels. In the latter case, th 
backup bar could be used while peening and then left 
as a reinforcement for the welded joint. Martin” 
Bainbridge* also point out that in peening sheet metal 
the underside should be well supported by means of 
anvil plate or a dolly. 

According to Hoglund® and Alcoa*! the reinforcement 
of welds in food and chemical equipment may be chipp 
flush, then peened flush with heavy blows in order t 
work the entire thickness. However, one investigator" 
cautions against peening the weld deposit flush wit 
the plate surface, as it is often done on common all 
plate, for such a procedure may produce cracks. Chi 
ping the weld close to the metal surface, before am 
peening is done, is sometimes useful. 

Peening, in order to be effective, must move 
metal. The identations produced by the peening t 
may be removed by working the weld surface with a 
flat-faced hammer, according to Saccomani and Verzill 
The A.P.I.-A.S.M.E. Code for Unfired Pressure Vessels 


Sit 


mor 


backur 


he wel 


roughening of the weld metal caused by peening are not 
objectionable, as these are melted by the deposition 
subsequent layers of weld metal. 


Degree of Peening 


The degree of peening necessary in a welding operatio! 
may be approximated, according to one code,” by wel 
ing two small plates of a given material and thickness 
and determining the peening required to overconi th 
shrinkage resulting on cooling. One of the plates shou! 
be held rigidly and the other must be free to m 
the weld shrinks. In an actual welding operation, it § 
recommended that punch marks be made on opposit 
sides of the weld. The distance between these 
should be kept within+'/3. in. by peening duri 
welding of the seam, the first measurement being mac 
after two layers of weld metal have been deposite: 
the peening has been done so as to hold the deviation ™ 
distance between punch marks to a minimum unt! 
weld has been built to the depth of 1'/, to 1'/2 11 
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«me degree of peening may be applied safely to the 
emainder of the weld. This conclusion is based on the 
‘act that as the weld is approximately 1'/: in. deep the 
¢resses due to shrinkage of the recently deposited weld 
metal are more fully resisted by the cooler prior layers, 


thus minimizing the likelihood of deviation in the dis- 
‘ance between punch marks—and therefore—the danger 
f cra I ing. 

[he only comprehensive investigation endeavoring 
to establish the effect of varying severity of peening has 
been nade by Sachs and Davis** on arc-welded S.A.E. 
X-4130 steel tubing (0.083 in. wall thickness, 1*/, in. 
outside diameter). The 2-in. long specimens were ob- 
tained from three lots, designated A, B and C, with 
iot A having a higher yield strength (85,000+ psi.) than 
that of lots B and C. Lot A was practically stress-free, 
whereas B contained very high and C somewhat lower 
residual stresses retained from the original processing. 
fhe magnitude of the circumferential stress was deter- 
mined by measuring the change in diameter, indicated by 
the opening or closing of the specimen after splitting 
lengthwise with a hacksaw ( '/s,in. wide cut). A measur- 
ug microscope was employed to determine the change of 
circumference as the change in distance between gage 
joints, marked as intersections of two longitudinal and 
two circumferential scratches, 1/4 and 1 in. apart, re- 
spectively. A single bead was deposited longitudinally 
n the specimens with '/s-in. coated, low-carbon elec- 
trodes (60 amp., 76 v). Fifty blows were applied to the 
bead with hammers weighing 8, 12, 16 and 20 oz. and hav- 
ing handles 10 in. long. The specimen was firmly gripped 
in a vise along an element opposite to the welded bead 
which was hammered progressively, starting at the same 
end as the welding. ‘The trend of the curves, Fig. 1, in- 
dicates that whereas the welding stress in the bead proper 
seems to be relieved and equalized, peening creates a state 
of residual stress of its own, the magnitude of which 
increases with the increasing weights of the hammer. 
Although the authors did not analyze the peening stress 
in greater detail, they concluded that heavier hammers 
may produce opening on splitting which surpass 
that caused by the residual processing stress. 


Temperature of Peening 


Peening may be applied: (a) after deposition of each 
bead or layer, (6) on the cold metal at room temperature 
or (¢) when the metal has been reheated for the purpose of 
hot working it. 

The engineering opinion relative to effective peening 
temperature is rather conflicting, but, in general, mild 
hot peening seems to be preferred to cold peening. 

Welding Handbook' makes a general statement to the 
effect that it makes no difference whether cold or hot 
peening is employed in so far as final value of residual 
stresses is concerned. Nevertheless, it is obvious, that 
by peening while the weld deposit is hot, the lateral 
expansion of the hot metal at the lower yield stresses will 
undoubtedly offset much of the subsequent contraction 
on cooling. This, in turn, will reduce the shrinkage 
stresses which may cause distortion and cracks. Fur- 
thermore, Underwood and Ash," point out that because 
of the greater ductility exhibited by a hot weld metal, 
detrimental effects due to the peening application are 
less likely to occur. Attention is called by Rosenthal* 
and Frankenbusch® to the danger of deforming the metal 
or producing cracks by peening in the “blue brittle’ 
range. This view concurs with Somers*® findings that 
the hardening effect of peening is greatest in the blue 
brittle range (see section on Hardness). Likewise, the 
-W.S. Bridge Code" specifies peening at a temperature 
above visible color or below 300° F. but not below 100° F., 


PEENING 


OF WELDS 


4 


SPLIT TING 


4 & 16 


OPENING ON 


WEIGHT OF PEENING HANINIER — O2 


Fig. 1—Effect of Varying Severity of Peening Upon Opening 
on Splitting. Sachs and Davis** 


thus by implication avoiding the “blue brittle’ range 
from 300 to 700° F. No such provision has been made 
in the A.P.I.-A.S.M.E. Code for Unfired Pressure Ves- 
sels” according to which effective peening is done at any 
point between room temperature and red hot temperature 
(70 to 1100° F. for steel), therefore including the blue 
brittle range. This code states further that peening 
above a temperature at which the metal begins to take 
on strength is wasted. In actual welding practice, many 
a peening operation has been performed with almost no 
regard to the temperature, which undoubtedly includes 
the blue brittle range in many cases.* 

Cold peening, like hot peening, has its arbitrary and 
specific applications. Evidently, when the weld is 
worked at room temperature, peening has to be more 
severe in order to expand the stiffer metal—particularly 
where warpage is to be corrected. With metals not 
exhibiting allotropy, cold peening is essential for re- 
crystallization. Harris® and Rosenthal*‘ point out 
that due to the absence of allotropic transformation, 
metals such as aluminum, copper or nickel cannot be 
heat treated unless mechanically worked to permit re- 
crystallization on reheating. With such metals, peen- 
ing introduces a strained crystalline structure that will 
recrystallize at elevated temperatures with subsequent 
grain refinement and improvement in ductility. Metals 
which show low ductility at elevated temperatures 
should, of course, be peened cold. 

The peening temperatures recommended by various 
investigators differ a great deal from the ones specified 
in the aforementioned codes. For example, Harris 
as well as Klein and Hoff® claim that steel should 
be peened cold. No supporting evidence is offered by 
either author. On the other hand, Theisinger® is con- 
vinced that to obtain any value from peening, steel 
should be peened hot—that is, immediately after each 
length of rod has been deposited. 

In the case of light metals and alloys, most author- 
ities'* agree that peening should be done at a 
temperature (about 300° C.) just sufficient to char a wood 
splinter when touched upon it, yet Klein and Hoff” 
insist that Al should be hammered or rolled cold. Sim- 
ilarly in the case of zinc and other low melting point 
metals and alloys, Partington** and Burkhardt** recom- 
mend cold peening whereas Peterschagen,“ Anders“ and 
others* *: “ prefer to peen at higher than room tem- 
peratures (100-150° C.) in order to avoid the cracks 
which were said to occur when peening at lower tem- 
peratures. 

Hunsicker® found no benefit in peening copper welds 
at red heat, yet Holler *' and another investigator have 
shown conclusively that hot peening is beneficial and 
improves both strength and ductility. A German boiler 
code'*® specifies hot hammering of welds in copper 
fireboxes in order to insure sufficient strength. Bain- 
bridge* states that either hot or cold peening may be 
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used advantageously. Cold peening for 0.2-in. thick 
sheets and hot peening for thicker sheets (>!'/, in.) 
have been recommended by Fréhlich®? who adds that 
with the thicker sheets, peening may be applied until the 
weld has cooled down to 170-150° F. Eyles** (no de- 
tails) recommends cold peening for brass sheets con- 
taining 68-70% Cu and hot peening, at a temperature 
just below the melting point, for sheets containing 
58-60% Cu. 


Effect on Relief of Stresses 


General 


One of the most important functions of peening is to 
relieve the restraint, causing residual stresses, by bring- 
ing the stressed weld metal above its yield point and 
adjusting the stresses proportionately to the amount of 
flow produced by peening. Residual stresses occur in 
welded structures not only as a result of contraction of the 
weld metal but also because of expansion and contraction 
of the base metal, due to the heat effect of the welding 
operation. Obviously then, all welded joints leave con- 
siderable stresses in the welded numbers. Despite the 
attempts of numerous investigators to determine the 
magnitude of these stresses, there is a great deal of un- 
certainty concerning their possible effects. Harris, 
Jones and Skinner®* came to the logical conclusion that 
since stress relief is relatively easy, the removal of internal 
stresses also removes the need for argument. 

According to one authority” when peening is done as an 
alternative to thermal stress relief, it is necessary to 
peen in such a manner that the distortion of the plate 
at the joint is kept to a minimum. Some steels that 
are weldable get so hard when cold that the metal is 
only burnished by the peening tool instead of being cold 
worked. Such steels have to be peened sufficiently so 
as to create temporarily, stresses in the reverse direction 
that will disappear on cooling. 

Despite the requirement of some codes for final stress- 
relief heat treatment even in cases where peening has 
been applied throughout the construction, Jasper,** 
points out that, in many cases, the heat treatment of 
the whole structure is impossible. For this reason it 
becomes all the more important that peening be applied 
properly. 

Kinkead® made a general statement to the effect that 
peening the weld metal as it is applied, or after both 
weld and plate have returned to ambient temperature, 
is entirely effective in reducing of residual stresses. 
The only objection to this practice is its cost. 


Cast Materials 


Numerous investigators have emphasized the efficacy 
of peening in controlling the shrinkage stresses resulting 
in the welding of cast materials. Describing the repair, 
by bronze welding, of a cast-iron roller (26 in. high., 12 in. 
wide) which had developed cracks in the spokes, Baker® 
says that the operator stopped four times to peen the 
bronze metal with. a hammer (no details) in order to 
break up any stress that might have been caused by the 
solidification of the weld metal and also to keep intact 
a 1/-in. spacing between the edges of the base metal 
which was left in order to take care of the subsequent 
contraction on cooling. 

In the arc welding of cast iron (with cOvered Monel 
electrodes), several authorities”~*' recommend peening 
of every short run (not longer than 2 in.), After every 
second layer, the - deposit is caulked, which is said to 
relieve welding stresses and to improve the toughness 
of the weld. Tilemann* has found that light hammering 
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followed by annealing (no details) relieves the shrinkage 
stresses and generally improves resistance but velded 
malleable cast iron. The reinforcement, for some uney. 
plained reason, must be removed before annealing 

According to Roberts,** peening the deposite: 
immediately after welding, in order to counteract the 
shrinkage stresses is probably undesirable when repairing 
defective steel castings; the shock resulting from the 
hammering may produce small cracks in the hot shor 
material at positions which would otherwis: , 
failure. Bauer®* considers preheating to 400° F. ang 
light hammering of each successive layer of weld meta] 
a good practice for stress relieving and insuring a soli; 
deposit in metal arc welding of steel castings. 

Hurme” and Quinn” agree that satisfactory peening 
is the key to the successful welding of high Mn stee| 
castings. Hot peening, after depositing a bead of not 
more than 2 in. relieves the strains of metal arc-welded 
14% Mn casting and also gives underneath hardnes 
which is never found in a new 11-14% Mn steel casting, 
as pointed out by Payne."* The root spacing must be 
larger than for mild steel on account of the greater eo 
efficient of thermal expansion of the 14% Mn steel, and 
the welding is generally carried out with a rod contain- 
ing 11-13% Mn, 0.70-0.90 C and 2!/,-3'/. Ni. Hallé 
states that Mn castings should be are welded by deposit 
ing beads of each layer at right angles to the beads of 
the preceding layer and peening should start at the 
crater and proceed toward the start of the bead. How- 
ever, an anonymous writer® recommends that the metal 
be deposited on the casting in the form of short pads, 
not beads, by giving an oscillating motion to the elec- 
trode. According to this author, the weld must be 
peened hot, water cooled and peened again cold. The 
Electric Heating and Welding Committee of the A.R.- 
E.A.” state that if the carbon content of the Ni-Mn 
electrode (3-5 Ni, 11-15 Mn) is as high as 0.90 to 1.157 
the bead is likely to crack before it can be peened 
particularly in cold weather. 


meta! 


Plain Carbon Steel 


The residual stresses in disks of soft steel 
(0.08 C, 0.01 Si, 0.41 Mn, 0.017 P, 0.014 S, 0.03 Cr, 
0.10 Cu) and low-alloy steel (0.11 C, 0.01 Si, 0.47 Mn, 
0.029 P, 0.023 S, 0.01 Cr, 0.04 Cu) which had circular 
patches, arc welded in the center have been investigated 
by Biihlerand Lohmann.® The disks were 9.6 or 1{).( in 
outside diameter and the patches 5.9 in. diameter; both 
were 0.79 in. thick. The welds were 70° X, three layers 
on each side made with 4 covered electrodes 0.16 or 0.24 
in. diameter (0.22—0.25 C, 0.25 Si, 0.8 Mn) and two bare 
electrodes, one of which was composed of: 0.10 C, 0.125: 
0.68 Mn, 0.08 Cu and the other of: 0.30 C, 0.10 Si, 2.02 
Mn and 0.08 Cu. 

The stresses were measured by Sachs’ method, the 
formulas involved being: 


E 
Tangential stress = itz 


dT 


E | 
|r 


Radial stress 


- in which 


E Young’s modulus 
Poisson's ratio 
Ao cross section of undrilled disk 
cross section of drilled disk 
change in thickness caused by drilling __ 
rate of change of 7 with A at the stage 0! 
drilling under consideration. 
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Stes Welding Detailst Direction, 
\fild (St 34) Continuous weld, untacked 21,400 
Continuous weld, untacked, each layer 

peened 11,400 

Step back, untacked 22,800 

Step back, untacked, water cooled{ 38,500 

Low alloy Continuous, tacked 34,200 
4 Continuous, tacked, each layer peened 10,000 
Step back, tacked 27,100 
Continuous, tacked, water cooled 47,000 

tow alloy* Continuous, tacked 62,500 
Step back, tacked 64,000 
Continuous, tacked, each layer peened 48,500 


* Outside diameter of disk 19.6 in. All others 9.6 in. 
+ Both 0.16- and 0.24-in. electrodes used. Results are averages. 
t The method of water cooling not described. 


Table 1—Effect of Peening on Residual Stresses in Arc-Welded Patches. 


Max. Tensile 
Stress in Tangential 


Buhler and Lohmann" 


Tangential 


Compression at Tensile Stress in Weld, Psi. 
Psi. Outer Edge, Psi. Tangential Radial 
28,500 20,000 5,700 
17,100 4,300 2,800 
24,200 12,800 7,100 
28,500 37,700 7,100 
37,100 24,200 10,000 
24,200 8,600 4,300 
37,100 18,500 10,000 
38,500 35,700 12,800 
42,800 27,000 50,000 
41,400 22,800 50,000 
41,400 25,700 32,800 


Analysis of the summarized results, Table 1, reveals 
that peening (no details) decreased the residual stresses 
in the mild steel specimens 40 to 50% whereas tacking 
and step-back welding had little, if any, effect. How- 
ever, judging from Fig. 2, peening does not appear to 
have changed the type of residual stress. By water cool- 
ing the plates during welding, the temperature gradient 
was increased; this, in turn, was the cause for an in- 
f crease in residual stresses. The low-alloy steel generally 
| had up to 50% higher residual stresses than St 34 with 
the same treatment. Step-back welding was of some 
advantage. On the whole, peening had greater effect 
with covered than with bare electrodes. 

Bierett and Griining® conducted a similar investiga- 
tion for oxyacetylene-welded butt joints in the form of a 
circular patch. The authors used 0.39- and 0.59-in. 
thick plates (0.10-0.12% C) welded with mild steel rods, 
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28440 — 
> 14220 
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28440 4 
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Up per diagrams 
= location of weld. 


E = edge of plate = (r/4)(9.6)2 


continuous weld; untacked. 


continuous weld; untacked; each layer peened. 


back-step welding; untacked. 


weld; untacked; plate cooled during welding. 


Fig. 2—-Residual Stresses in Disks with Arc-Welded Patches. 
tangential residual stress (T). Lower diagrams—radial residual stress (R). 


(c) Patch 5.9 in. diameter welded in mild steel disk (St 34) 9.6 in. diameter: 
(d) Patch 5.9 in. diameter welded in mild steel disk 9.6 in. diameter; 
In all cases the electrode contained 0.25 C, 0.33 Si, 0.70 Mn, 0.026 P, 0.024 S. 
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0.16 and 0.20 in. diameter. Both the plates and patches 
were stress relieved before welding. The reheating was 
done with a torch to a red heat. The patches were 8 in. 
diameter, left-hand welded (0.08-in. root spacing) in the 
center of a plate SO in. square and were given a 0.32-in. 
convexity by hammering (no details) to relieve the 
rigidity of the welding condition. Extensometer read- 
ings on both sides of the specimens were taken after 
welding and after cutting, the residual stresses along a 
radius of the welded disks being shown in Fig. 3. The 
results, as listed in Table 2, indicate that peening was 
beneficial and that the great heat input and welding time 
(which should be kept low where a patch is near a highly 
stressed section) in the as-welded specimen had no bear- 
ing in this particular case. 

The effect of peening on shrinkage strains and stresses 
in 90° X arc welds in hot-rolled, 1'/,-in. thick structural 


w 


Lbs/im* 
14220 
4220f | | 
42660 
14220 
14220 Ri Fe 
0 15 3045 60E O /5 30 45 GOE 
SQ. IN. SG-IN. 
(c) 


Buhler and Lohmann” 


Abscissas are cross-sectional area of disk within section under consideration. 
= 75 sq. in. for disk 9.6 in. diameter. 
(a) Patch 5.9 in. diameter welded in mild steel disk (St 34) 9.6 in. diameter: 


0.16-in. covered electrode 


(b) Patch 5.9 in. diameter welded in mild steel disk (St 34) 9.6 in. diameter; 0.16-in. covered electrode; 


0.16-in. covered electrode; 


0.16-in. covered electrode; back-step 
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t Irrespective of whether the straight line or th, Weaving a 
20,000 welding method was used, the highest shrinkag: strecg,. 
Da E were found with bare electrodes, then with hea, . 6, ite 
19.000. NN Tangentia£ and were least with thin-coated dipped trodes Loc 
2 Stress ul With bare electrodes the decrease in stress_prodyg, of Mi 
|| by peening was '/, to '/: the stress in the 
& 2 000 condition and with heavily coated electrodes the go. No. 
°, “FA a crease was 50%. In some cases the stresses considerab) 
1 exceeded the nominal tensile strength of the base me 
1!0,000., Radiat and the stress decrease caused by peening the cooling 
3 + =} = weld varied considerably, despite the special setup jo; 
a controlling the effective blows. On the basis oj 
rT) experiment, Harrelson concluded that peening of we! 
}0,000.; relieves stresses and improves structures and all physi 
fe properties of the metals which is in accord with other 
: a investigations. Although the author did not maj 
O4¢+ 10 20 30 40 clear the nature of his stresses, it seems reasonable : 
INCHES suppose that they were tension. 
Fig. 3—-Average Residual Stresses Along a Radius of Patch- Orr”! investigated the effect of hot and cold peeniy 
pec 9 ye (Oxyacetylene.) Bierett and Griining® on the relief of reaction stresses in !/2-in. thick mild stec 
———— 0.59-in. plate, \peened and reheated. 
~--- 0,39-in. plate, not peened and not reheated, plate, the ends of which were arc-butt welded with heavy 
0.39-in. plate, peened and reheated. fillets to, massive, 3-in. thick steel fillets in order | . 
Table 2—Residual Stress in Peened Oxyacetylene-Welded Patches. Bierett and Griining™ 
Weight of Gas Con- Time of ————— Av. Residual Stress, Psi. ———-———— Maximum Residual Gene 
Deposited sumption, Welding, Radial Tangential Stress, Psi TI 
Specimen Metal, Lb. Cu. Ft. Min. Tension Compression Tension Compression Radial langential defo: 
As-welded* 0.94 124 109 17,800 1400 22,800 14,200 +49, 000 5 levi 
Peened and reheated * 0.90 37 37 21,400 1400 25,000 15,700 +31,000 + 34,000 
Peened and reheatedt 2.7 2 46 19,000 1400 20,000 10,000 +34,200  +32,80 ri 
— all 
* Plate thickness 0.39 in.; angle of V = 70°. cupl 
+ Plate thickness 0.59 in.; angle of V = 90°. Rep 
shrit 
steel plate (48,500 psi. tensile strength) was studied by provide restraint (no details). The welds were mac i0f 
Harrelson.” Peening was done with an air hammer with 3 runs of 10-gage electrodes followed by 2 runs of "e 
which was gripped in a special apparatus so designed 6-gage, cooled between runs. The length betwee: The 
that the entire weld (specimen with integral restraining restraining fillets was either 9 to 58 in. Reaction = 
side frames) could be worked with the same energy of _ stress (shrinkage stress due to restraint) was computed iat 
blow. Shrinkage stresses were determined from the from strain-gage readings after welding, and after cutting se 
change in the distance between two holes in the gripped free from restraint. The results showed that as the free fe 
portion of the plate. The only variable was the air pres- length (between restraining fillets) was increased fron vie 
sure, which was found to be most effective at 70 psi. The 9 to 58 in., the tensile reaction stress in the unhammered ein 
welds were 11/3 to 2 in. long and the mid-points of the welds decreased 90 to 200%. Hot peening (no details in 
gage lengths for the 2-in. Berry gage were only 3'/2in. decreased the stress from 27-29,000 psi. to 11,000 psi : vs 
from the center of the weld. Bare, thin-coated and 9-in. free length) while cold peening decreased it t hia 
heavily coated °/-in. diameter electrodes were used. 10,000 psi. One hot-peened specimen cracked. a 
evel 
The 
d 
urt 
be i! 
The 
dt 
Fig. 4—Sketch Showing Measurement Taken on Car Side. Sample Welded for Buckles. Unger" sn 
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64th 
Location After Change 
of Measure- Original Vertical from 
ment Sheet Spots Check Original 
No. 1-1 120 20/64 120 16/64 -—4 
2-2 120 19/64 
3-3 120 22/64 120 20/64 -—2 
4-4 23 33/64 23 34/64 23 34/64 +1 
5-5 23 34/64 +1 
6-6 23 34/64 
7-7 23 34/64 
&-8 23 35/64 
9-9 23 35/64 23 34/64 23 34/64 —1} 
10-10 23 34/64 -1 
11-11 23 35/64 
12-12 23 35/64 
13-13 23 36/64 
14-14 23 35/64 23 34/64 23 34/64 —1 
15-15 23 34/64 —1} 
16-16 23 36/64 
17-17 23 34/64 
18-18 23 35/64 
19-19 23 33/64 23 32/64 23 32/64 —1 


* Measurements taken as shown on Fig. 4. 


Effect on Distortion 


General 


The theory of peening is based on producing plastic 
deformation of the weld metal, by working it, thus re- 
lieving the shrinkage stresses that cause the warping 
and distortion. Shrinkage distortion implies the over- 
all motion of parts being welded from the position oc- 
cupied before welding to that occupied after welding. 


Experimental Results 


Unger” investigated the effect of peening on the 
shrinkage and buckling in a spot-welded, girder type, 
passenger car steel panel (Fig. 4). It consisted of a 
\0 ft. length (below the window openings) along which 

in. diameter spot welds were spaced 1 in. apart. 

There were 4 vertical posts and the panel between them 
was divided by a stiffener. All material (posts, stiff- 
eners, sills and outside sheet) was */y-in. thick. The 
verall length was measured before and after peening 
and the results of these measurements, Table 3, show an 
overall shrinkage due to the spot welding and an overall 
expansion due to the peening. Buckles in the panels 
were measured with a straight edge and the plotted 
results, Fig. 4a, give a good idea of the variation in 
buckles due to the welding and peening. In some 
panels a decided improvement was seen due to peening; 
even peening of adjacent panels had considerable effect. 
fhe author concluded that in spite of the fact that 
buckles could be eliminated by peening, the best results 
in actual production would be obtained if buckles were 
prevented from forming in the first place. Unger stated 
lurther that too much peening also created buckles. 
Step-back welding in combination with peening each 
bead after it has cooled, and before applying a subsequent 
bead or layer is well recognized as a good method to 
reduce warping and deformation of welded steel machinery 
parts (no details), according to a British investigator.” 
rhe latter pointed out also that although peening usually 
does not damage the weld metal, even if it should damage 
it, this may be observed by visual inspection. 
_ Bainbridge** recommends light hammering as an ef- 
lective means of correcting distortion or buckling in 
sheet steel, aluminum and copper and emphasizes 
the importance of supporting the underside of the weld 
during the hammering operation. This view was 
maintained also by Bierett’? and others.” 7% 


he 
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Table 3—Change in Length* of Panel While Welding and Peening. Unger” 


64th 64th 64th 64th 
After Change Change Change Change 
Horizontal from from After after from 
Spots Vertical Original Peening Welding Original 
120 15/64 —1 —5 120 15/64 0 —5 
120 17/64 —2 120 24/64 +7 
120 18/64 —2 —4 120 22/64 +4 0 
23 33/64 —1 0 23 34/64 +1 +1 
23 33/64 —1 0 23 34/64 +1 +1 
23 34/64 0 23 35/64 +1 
23 34/64 0 23 35/64 +1 
23 34/64 23 35/64 
23 34/64 —1 —2 23 35/64 +1 0 
23 34/64 0 —1 23 35/64 +1 
23 34/64 —| 23 35/64 +] 
23 34/64 —1 23 35/64 +1 
23 35/64 —1 238 35/64 0 
23 34/64 0 ~1 23 34/64 0 —1 
23 33/64 -1 —2 23 34/64 +1 —1 
23 33/64 —3 23 33/64 0 
23 33/64 all | 23 33/64 0 
23 33/64 -2 23 33/64 0 
23 32/64 0 —1 23 34/64 2 +1 


Peening with pneumatic hammers was used success- 
fully in stretching longitudinal butt and girth fillet 
welds to overcome buckling in arc-welded, 18-8 pulp 
filters 11'/, ft. long, 6 ft. diameter, */ 3 to */s in. thick. 
according to one investigator.” There was no difficulty, 
provided the electrodes used gave a weld of good duc- 
tility. 

Grandinetti” tested d.-c. are welds in l-in. thick mild 
steel (0.25 C) plates and bars. The welds were made in 
series of beads and also in series of layers. The author 
found that more shrinkage and, therefore, more distortion 
took place in the bead type weld than in the layer type. 
It was also found that peening the successive passes of 
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Fig. 4a—Buckle Variation Due to Welding and Peening. 
Unger" 
(a) After welding vertical rows of spot welds. 
(b) After welding horizontal rows of spot welds. 
(c) After peening adjacent panel of the right. 
(d) After peening panel being measured. 
(e) After peening adjacent panel to the left. 
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Fig. 5—Butt Weld Specimens Used by MacCutcheon and 
Kingsley'* 


the weld metal greatly reduced the amount of distortion 
of the welded plates (no details). 

MacCutcheon and Kingsley” conducted a compre- 
hensive investigation to determine the effective amount 
of cold and hot peening in reducing shrinkage distortion 
in arc-welded V-butt joints. The weld specimens were 
prepared from */s-in. thick mild steel plate as shown in 
Fig. 5. Special '/s-in. thick, 1 in. square clips were 
securely welded on the middle line of each specimen 
and the lengths across the weld were found by using 
inside micrometers. In view of the results obtained 
(Table 4) the authors surmised that cold peening was 
the more effective method of reducing the shrinkage 
strains in the welds. For rigidly constrained welds, 
cold peening was found to be effective whereas hot peen- 
ing had little or no effect. It was further concluded 
that hot peening of each bead was an excellent method 
of preventing welding cracks from forming in the multiple 
bead welds. No distinction was made between strains 
and distortions. 

Jennings” studied six arc-welding methods in order 
to determine the effect of welding procedure and peening 
on the shrinkage contraction perpendicular to 60° X butt 
welds, Fig. 6, in rigidly clamped, 1'/9-in. thick hot- 
rolled steel plates. The welds were 3 in. long and were 
made with °/3:-in. diameter bare low-carbon electrodes 
(100 to 150 amp.). The test procedure consisted essen- 


tially of taking strain-gage readings with a l-in. gage ~ 


length on either side of the weld itself—not across the 
joint. Nevertheless, it was assumed that*the measure- 
ments actually represented the over-all shrinkage. The 
results, summarized in Table 5, show that on the par- 
ticular gage length chosen, the vertical layer welding 
procedure gave less distortion than the weave or hor- 
zontal layer procedures. Peening (no details) was very 
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and 


effective in producing uniform stress distrib: 
reduced the distortion on that gage length by 
mately 30% with respect to the unpeened 
horizontal layer type welds (V) each layer w 
This method developed smaller shrinkage str 
the cross weave 
showed a tendency toward the convex stress di 
although it was not as pronounced as in the ca 
unpeened welds (Types I, II, III and IV). 
layer procedure (both central beads and top layer , 


vertical weave 


pre 


ributicy 
Of th 
vert 


Ver 


peened) produced the smallest strains and showed 
almost uniform stress distribution along the wel: 


The effect of cold peening on 10-in. long, 75 


inal 


welds (0.08-in. root spacing) has been investigated by 


Sarazin.” 


in. across the joint. 


71,000 psi. 


(25% elongation). 


The contraction was 
plates free to move and to 2.3-3% in rigidly « 
welds. 


The base metal was 0.55-in. thick 
having a tensile strength of 51,000 psi. and the weldj; 


Steel 


i 


The contraction was 
measured directly by a steel scale with the aid of , 
microscope eyepiece (20 X) on a gage length of |! 


1 

Cold peening each layer of the rigidly clamped 
weld counterbalanced the contraction caused | 


amped 
} 


the 


previous bead, the completed weld showing an expansion 


» 907 
of nearly 2%. 


In the absence of information 


on the 


peening procedure adopted by Sarazin, his results must 
be accepted simply as an indication of what may be 
accomplished by peening. 

Hawley and Merrell‘ found that distortions in floor 
beams and chords of a steel plate bridge floor caused by 
shrinkage in the floor plate butt and bond V welds 


may be eliminated by postponing floor beam connections 


until the plate welds in the panels are completed 
by peening each pass of a weld before it has cooled 
Without peening, one weld shrunk 0.12 in. of which 0.03 


in. occurred from the first pass, 0.051 in. from the second 
and 0.035 in. from the third and last pass. 
with a specially shaped snap on a riveting hammer, re- 


Cold peening 


moved less than 0.01 in. of the shrinkage from the « 


pleted weld, whereas peening of each pass after it was 


completed reduced total shrinkage 0.058 in. The 
Gauct HOLES 
© MO $2 ORILL 
— $14 - | 
© | | 
| 
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Fig. 6—Specimen for Measuring Welding Distortion. |= 
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Table 4—Distortions Due to Welding and Peening{|—All Reuiiass in Seiden MacCutcheon and Kingsley” 


Micrometer Micromerer Coreecreo Reaoines Srwaun Doe. | STRAIN | Reswcrion PERCENTAGE 
WELDING 6 ELDING | PEEN WELDING | | Or Strain 
— |2.7511) 0.0430 | Premaneo Ar. 
| ——|— 2.7979, 0.0439 | Fimerat. 5.¢DD.Co; Au 
02.7250 | | 18.76 $7) 0.0413 {IN One Puate-Gres A 
73 | 00330 | | Goon Ipea Or Averace. 
Ay 0.0403 | (Strame Due To WELDING 
1712.6 © |2.7057/2.7177 261+ | Au Spearens 
- [27170] |2.7065|2.7170 | 2422] One Rare; Lance | 
ba |curdrr | [2.7329 0.0449 {Bot Ano Ko Licit 
|\CGurOrr | - |2.7172 0.0500 | TPeenine Gave Low 
ay 0.0 +6 6| { STRAIN REDUCTIONS 
7012.33 |2.3677\23952 0.018 5| 142.4% | SINGLE. Courons; Stem _| 
0.019 9}0.00 69/0.02 6 19464 | | Too. Aw 
0.01 3110.0 0800.0 21 1| 161.0% | Preneo To Haro 
' Tob741 |2.7231\27347 0.0184|0.0068)0.01 1 6| 63.0% | (ArT FeperaL: + Sivoce 
ple631 |2.7970 0.0347|0.019210.0155| +4.7%|| Courons; Not Peen- | 
& 7212.7 1 |2.7605 0.0167 ep Haro Enouc | 
2/2623 52.779 | * |2.611 2 0.0123 Reurve Au StRan 
Au DuE WELDING 
——— | —|2761 ———|2.7639 — |0.0230 Ar Feperat: ALU In One | 
2l27¢88 ——— | —l2.798 | ———l2.7633 —— |o.0266 PLATE; AVERAGE. STRAIN 
3128 3% 2| —— | —/2.7 78 2°15 | os5 DE ArteR Hot PEENING 
412.78 ——— | —| Gur Ore SUBTRACTED FROM 
9]2.0126 2944 2.9885 0.01 66}0.0459/0.06 25/376.0%|| wo In ¢ 
\ Coro Peenep 


t Peening performed with a chipping hammer and a constant air pressure of 90 psi. End of the tool for peening specimens 1 to 4 
was about 0.20 sq. in. in area. All other peening performed with a tool of about 0.1 sq. in. area. 


All cold peened specimens peened after metal had cooled from welding operation to hand warm, 
Each bead, excepting last of hot peened specimens, peened immediately after welding 


authors concluded that peening each layer stretched the Effect on Mechanical Properties 

preceding pass and also appeared to reduce the shrinkage ; wi 

of the following pass. Little, if any, benefit was found Plain Carbon Steels 

by peening the top layer. Results of Tension and Impact Tests.—Oxyacetylene 
Kinkead® measured the angular distortion of single- welds: Czternasty* studied the effect of hot rolling on the 

and double-U arc welds in 1'/,-in. flange steel plates 36 tensile and notch-impact properties of 22-in. long, 

in. long, 18 in. wide. Peening reversed 50% of the dis- oxyacetylene V-butt welds made with rods of approxi- 

tortion produced by a bead. Angular distortion could mately the same composition as the base metals which 

be reduced to zero by depositing series of two beads contained (a) 0.11 C, 0.43 Mn, 0.024 P, 0.036 S and (0d) 

alternately on each side of a double-U joint. 0.19 C, 0.73 Mn, 0.38 Si, 0.048 P and 0.041 S. In all 


Table 5—Work Done in Deforming the Central Bars of Butt-Welded Specimens. Jennings’ 


Ab. Strain Unit Elongation Work Done in Work Done in Per Cent Work 
Readings Corresponding Elastic Plastic Total Work Done as C ompared 
(3 to Strain Deformation, Deformation, Done, with Type I 
Procedure Specimens) Reading * Ft./Lb. Ft./Lb. Ft./Lb.t Procedure 
Cross weave 0.00222) 82.5 116.3 100 
J Horizontal layer ‘ 12.2 0.00244} 97.4 131.2 113 
Ill. Vertical layer 8.7 0.00174 | 33 8 } 50.0 83.8 72 
IV Vertical weave 14.2 0. 00284 | _— )124.2 158.0 136 
V. Peened horizontal layer 7.4 0.00148 | 32. 66.2 57 
VI. Peened vertical layer 5.3 0.00106) 4.1 37.9 32 
nit elongation = strain reading  2/10,000. 
t Total work was computed by the formula: W SAL/24E(2E, — S) in which: S = yield point stress (30,000 psi.; A = cross- 


sectional area of the center bar in square inches; E = modulus of elasticity of the material (30,000,000 psi.); L = length of bar inches; 
= unit elongation measured with the strain gage. 
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Table 6—Effect of Rolling Oxyacetylene Welds in Steel 0.59 
In. Thick Containing 0.11 C, 0.43 Mn, 0.024 P, 0.036 S. 
Czternasty’ 


Rolled 
Rolled Rolled at 
at at 700-800° C. 
As 650- 700- and 
Welded 700° C. 800° C. Normalized 


Yield strength, 
Ib. /in.* 


33,800 
55,200 


43,400 31,900 


./im. 42,400 
Tensile strength, 

Ib./in.* 59,500 53,800 
Bend elongation at 

180° C. 54 54 53 49 
Notch-impact 

value, mkg./cm.? 


60,500 


4.9 2.9 16.3 17.6 


Tensile specimens were 0.79 in. wide; bend specimens were 
1.2 in. wide; the section back of the notch of the notch impact 


the cases, the rolling operation was performed rapidly 
so as to prevent coarse recrystallization. The welds 
cooled in still air after rolling; the plate itself was not 
rolled after welding. The results, as listed in Tables 
6 and 7, are averages of 3 to 4 specimens and show the 
tensile strength, ductility and particularly the notch- 
impact value were improved by rolling. A steel con- 
taining 0.14 C, 0.55 Mn, 0.22 Si, 0.04 S and 0.036 P 
yielded the following notch-impact values (mkg./cm.’): 
11.8 (as-welded), 24.2 (rolled at 650—-700° C.), 27.9 
(rolled at 700—800° C.) and 19.3 (rolled at 700—-800° C. 
and normalized). Peening at a temperature slightly 
above the recrystallization temperature (650—700° C. 
measured on the surface) appears to have been most 
beneficial whereas a normalizing treatment following 
rolling at 700-S00° C. was not advantageous. Metal- 
lographic examination revealed that the rolling opera- 
tion had changed the coarse-grained structure of the 
weld deposit into a uniform, fine-grained structure. 
On the whole, the peened specimens showed more con- 
sistent results than the as-welded specimens, Radio- 
graphs of all welds revealed no defects. 

Holler and Frankenbusch*®! found that normalizing 
alone or normalizing following hammering at red heat 
had no effect on the tensile strength but considerably 
improved (400-500%) the notch-impact value of 
oxyacetylene welds in 0.79-in. thick boiler plate, Table 8. 
All specimens exhibited excellent ductility and bent at 
180° without cracking. As a further check, the authors 
subjected the hot-peened bend specimens to the follow- 
ing heat treatment: (a) annealing; for 2 hr. at 920° C., 
air cooled, (6) 1 hr. at 920° C., quenched in water from 
28°C., then reheated for 1 hr. at 250° C., (c) '/2 hr. at 
650° C. followed by a water quench from 28° C. Iden- 
tical results were obtained in all cases (the specimens 
bent at 180° without developing cracks) from which 
could be surmised that peening immediately after welding 
produced the same ductility as the postwelding heat 
treatment. The authors tested also gas welds in St 60 
(0.33-0.37 C, 0.6 Mn, 0.3 Si). Hot peening again had no 
effect on tensile strength but increased the DVMR notch- 
impact value from 6.26-7.34 mkg./cm.*? to 8.34~-9.07 
mkg./cm.? The unwelded specimens had a _ notch- 
impact value of 6.07-7.40 mkg./cm.* Similar values 
were obtained with gas-welded 0.39-in. thick mild steel 
plate containing 0.10 C, 0.20 Mn. In view of the re- 
sults 
that oxyacetylene welds in plain carbon steels (made 
with low-grade mild steel rods) may be improved 
300—400% in notch-impact value by peening at a red 
heat, annealing at 920° C. or by a reverse layer. Blum- 
berg*? found that the effect of peening on notch-impact 
value depended on the peening procedure and was some- 
times disadvantageous. 
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Table 7—Effect of Rolling Oxyacetylene Welds in & 


In. Thick Containing 0.19 C, 0.73 Mn, 0.38 Si, 0.048 P 
Czternasty’ 


Rolled Rolled 
at at 700 
650- 700- me 
700°C. 800°C. Normalj 
Yield strength, 
Ib. /in.? 
Tensile strength, 
Ib./in.? 
Bend angle, degrees 58 
Bend elongation, 


52,400 48,5 


78,300 
180 


78,000 
180 
we 19 27 25 
Notch-impact 
value, mkg./cm.? 5.8 13.3 15.1 


Unwelded base metal had a tensile strength of 71,000-72 599 
Ib. /in.? 


In oxyacetylene welding mild steel (59,000 psi. tensile 
strength) 1°/s-in. thick with a mild steel rod, 
double-V scarves and peened each 2-in. length of weld 
metal while it was red hot. Peening was done with a 
compressed air hammer. The VGB notch-impact value 
depended on the location of the cross section of fracture 
Thus, the value was 3.3 mkg./cm.* for specimens taken 
from the center, and 6.2 to 13.8 mkg./cm.? for specimens 
cut from the outer portion of the weld. R st believed 
that his results showed that the effect of peening did not 
reach the inner portions of the weld metal. Normaliz- 
ing raised the VGB value of the inner layers to over 13.3 
mkg./cm.? whereas stress relief had no effect. 

Buchholz!* determined the tensile and bend properties 
for oxyacetylene V-butt (left-and right-hand) welds in 
0.54-in. thick mild steel plate. The specimens were 
tested with and without reinforcement, as-welded, an- 
nealed, cold peened and hot peened (no details 
peening produced good tensile and bend properties 
better than as-welded and equal to annealed. The cold 
peened specimens had excellent tensile properties 
fractures occurred outside the heat-affected zone) but 
the bend properties were poor (6.7 to 16.6°% bend 


Table 8—Effect of Hot Peening on Mechanical Properties’ 
of 0.79-In. Thick Boiler Plate. Holler and Frankenbusch’ 


Tensile Strength, 
Psi. 
51,200 
53,900 
50,300 
50,500 


Notch-Impact 
Value,f Mkg./Cm* 
3.60 
15.98 
13.64 
17.1 


Specimen 
As-welded 
Peened 
Normalized 
Peened and normalized 
* All values averages of 4 tests. 
+ DVMR specimen (0.6 x 1.17 x 6.3 in.). 


elongation in 1.2 in. as compared with 50%+ for the 
hot-peened or annealed). A similar series of tests was 
also made on all-weld-metal specimens. Hot peenig 
and annealing again produced about the same properties 
but cold-peened specimens had definitely inferior tenst 
and bend ductility. 

Are Welds: Tensile and torsion tests were carried 
out by Grandinetti” to determine the mechanical prop- 
erties of d.-c. arc welds made with */)5- and !/,-i 
eral-coated electrodes (200 amp.) in l-in. thick mild steel! 
(0.25 C) plates. The welding was performed without 
restraining the plates in any way and peening ws 
applied with a small pneumatic hammer on the cold wel. 
The results, summarized in Table 9, reveal that the cold 
hammering raised the elastic limit, the ultimate t nsile 
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Table 9—Tensile and Torsion Properties of V-Type Welded Joints. 


Tension 
Flastic limit load (from 
curves), Ib 
4rea of test section 
Reduced area, Sq. in. 


Per cent elongation in 2 


Pet cent reduction of area 

Flastic limit, psi. 

nate strength, psi. 

s of elasticity, psi. 

total angle of 
wist, degrees 

Ultimate twisting 
stret gth = Pp(J ), 


As-Welded 
6905 


0.1987 
0.0908 


65,800 
28.9 X 108 


714 


41,100 


Bead Type Weld 


Cold Annealed 
Peened at 1200° F. 
6915 6560 
0.1987 0.1925 
0.0908 0.0708 
20.0 24.0 
54.3 62.3 
34,800 34,100 
65,400 60,200 


29 xX 28.4 X 10% 


808 1219 


42.000 42.100 


and twisting strength as well as the ductility (per cent 
elongation and angle of twist) slightly above the as- 


welded values. 


Judging from the values for the elastic 


limit, the layer type of weld was better than the bead 
type, from a structural standpoint. 

Tension and free-bend tests were made by MacCutch- 
eon and Kingsley ™ on fillet and are butt welds in */s-in. 
The specimens were prepared as 


thick mild steel plate. 
shown in Figs. 5, 7 and 8. 


The peening method and 


procedure have been already described in the section on 


Distortion. 


The results from the fillet weld tension 


tests, Table 10, show that peening is detrimental to a 
single-bead weld in tension. 
amount of area would seem to indicate that peening in- 
creases the strength in shear but this is not definite. 

The authors were unable to offer a satisfactory ex- 
planation for the unusually high values obtained for the 
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Fig. 7—Fillet Weld Specimens Used by MacCutcheon and 
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Grandinetti” 
— Layer Type Weld 
Annealed Annealed 
1620 and Cold Annealed 1620 and 
1550° F. As-Welded Peened at 1200” F 1550° F 
5125 6930 7000 6300 5260 
0.2015 0.1995 0.1999 0.201 0.2011 
0.0708 0.0908 0.1075 0.0661 0.0708 
25.9 16.0 19.0 25.5 25.0 
64.8 54.5 46.2 67.1 64.8 
25,400 34,800 35,000 31,300 26,100 
56,300 58,500 59,200 59,000 54,700 
1150 590 644 1737 1020 
40,800 39,300 40,200 41,300 11,400 


Table 10—Results from Fillet Weld Tension Tests. 


Mac- 
Cutcheon and Kingsley” 
APPROXIMATE AREAS 
Tyee Maximum MEASURED wiTH Scace Arrroxt 
or Loao Arrer Ruprure. in in? Uncr 
Seccimen Les | 


SHEAR | TENSION | | 


Unecenes” 1 | 37.460 | 0.5320 Q5 320 | 10400 


40040 | 0.5410 Qisoo | 05595 | Tisso 
*3/ 39360 = | 0.5155 05155 | 76300 _ 
|-+0,060 | O4160 | 0.2535 | 0.5442 | 73,50 J 
averse! 39,200 | 0.2395 | 0.3710 | 05385 | 73,00 
Cao #4 0.4670 | 04670 | 75400 
ie |_ 27,900 | 0.0350 | 04110 | 04355 | 6,200 
*3| 39,130 | | 0.5035 | 05795 | 68600 
*4 | 47,230 | 0.6470 | 06470 | 73p00 
Avene) 37,300 | 0.0338 | 05080 | 05316 | 69800 
Her 34350 0.5370 | 05370 | 
0.3910 03910 64,200 
#3/ 21900; 0.3910 | O3910 | 
25010 0.4400 | 04400 | 
|__fwennae 26600 | 0.0 O4390 | 04390 | 


* Assuming that 1 in.? in shear area is equivalent to 0.7 in.* in 
Tension 


V-butt specimens, Table 11. Both hot and cold peen- 
ing raised the ductility somewhat. From the bend test 
results, Table 12, it may be observed that the cold- 
peened, machined specimens were considerably poorer 
than the nonpeened machined. Also the cold -peened 
specimens that were not machined, were much weaker 
than the unmachined, not peened specimens. However, 
both cold-peened and hot-peened machined specimens 
gave better elongations than the as-welded. The authors 
pointed out further, that the hot- and non-peened 
specimens showed excellent plasticity when bending, 
the failure (when it occurred) starting at the edges of pin 
point flaws which spread slowly across the plate. The 
fact that the cold-peened specimens snapped com- 
pletely across the plate when the bending had just 
started, lead the authors to surmise that joints liable 
to bending stresses should not be cold peened to reduce 
shrinkage strains. However, it is possible that the 
particular behavior of the cold-peened specimens was due 
to overpeening. 
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Table 12—Results from Free Bend Test Specimens Mac. 
Cutcheon and Kingsley” 


Tree INITIAL Evoncerion| 
or. Distance Distance | Oirrerence 
SPECIMEN IN et mn IN Percent | 


48 IMPROPERLY MACHINES 
47 65 18 
50 63 13 
49 16 
59 15 
Prento 48 63 15 
Macnineo 50 65 15 
AVERAGE 47 15 
| +68 52 % 
Pecneo +9 53 
56 
AVERAGE 48 
bad | +6 
Nor 


Pegewco ¥2 62 


AVERAGE 52 


i 6 


48 50 
Unelacnineo 53 5+ 


AVERAGE +8 21 


Fig. 8—Bend Test Specimens Used by MacCutcheon and 
Kingsley Across a Ringing Snae. (Lixe Grass) 


Results of Fatigue Tests—Peening the heads of butt 
welds made with shielded metallic arc electrodes in = ; —— 
*/,-in. carbon steel plate (0.15 C, 0.50 Mn) had practically 


Table 13—Fatigue Strength of Butt Welds. Wilson’ 
Stress Cycle in Fatigue Strength, 
—. Specimen 1000 Psi. Psi. 
Table 11—Results from Tension Tests on Butt Weld Speci- As-welded 0 to 26.0 21,600 
mens. MacCutcheon and Kingsley” 0 to 22.0 20,400 
0 to 28.0 23,300 
Tyre or ELoncaTtion | Maximum Area Uctimate 


a Stress relieved by 0 to 23.0 21,600 
SPECIMEN IN 2 INCHES in IN, 0 to 26.0 23/200 


IN. 0 to 28.0 24,900 
Uneceneo #1 25,520 0.3280 77,600 Each bead peened 0 to 30.0 24,000 
“3 24.560 0.328: | 7+e00 0 to 24.0 22,200 
asl 22,940 0.3082 | 74400 


‘ 23,365 O3216 12,600 


Averace 74,900 no effect on the fatigue strength of the welds in Wilson's” 
Coro  ) 19,565 0.2442 | 11,100 test, Table 13. The specimens were tested in the as- 
Peeneo )¥y| | 20,850 0.2815 | 13,500 welded, stress relieved (by heat treatment) and in the 
18070 0.2540 | 76900 peened condition. Peening raised fatigue strength only 
| 2% while the stress relief raised it 6%. Ail failures oc- 
— . curred at the edge of the weld. The author admitted 
oo . 26640 0.3196 | 89400 that the number of specimens tested was hardly sufficient 
ORE cen . 24,610 0.3039 | 81,200 to justify any definite conclusions. Specimens 1 
° 25,995 0.3372 | 77,000 which the weld metal was planed flush with the base 

Averace 80,300 metal (on both sides) had a fatigue strength of 27,000 
Hor 3 ie 26,160 03653 | T3600 psi. and all fractures occurred outside the weld. as 
Peeneo 10: | In a more recent investigation Wilson’” teste: = 
: _ fatigue strength of fillet welds made in carbon steel, 

22,875 0.3138 | T3000 structural grade, having the general characteristics of 

| 24,046 0.3357 | Tieoo A.S.T.M., A-7 steel. The specimens, Fig. 9, channels 
*6) 19,235 0.2627-| 73,200 connected to plates, were designed to fail in the fillet weld 
«>| 21,005 02085 | 72800 The difference between the E and G specimens, havig 
‘a| 21.030 0.300% | TQ000 transverse welds across the ends of the channels, = 
that the G specimens were peened and E speci nens 
were not. Likewise the specimens with longitudinal 

72,2007 fillet welds along the edges of the webs differed in that 
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(b) Fand H SPECIMENS 
Fig. 9—Fillet Weld Joints Tested by Wilson!” 


the H specimens were peened and the F specimens were 
not. Some of the specimens were tested on a cycle in 
which the stress varied from 0 to tension, others—on a 
cycle in which the stress varied from tension to an equal 
compression. The welding procedures and a summary 
of the results are given in Table 13 (a). The tabulated 
results indicate that the effect of peening was to increase 
some extent the fatigue strength of the transverse fillet 
welds and to reduce greatly, the fatigue strength of the 
longitudinal welds. 


The effect of peening on fatigue strength has been 
studied also by Peterson and Jennings” as well as by 
Lohmann.” The first named made rotating cantilever- 
beam fatigue tests on hot-rolled, low-carbon steel, arc 
welded with °/»-in. diameter bare low-carbon electrodes 
(150 amp.). Peening was performed by pounding the 
wrought weld metal surface with an air hammer and a 
blunt-ended peening tool. Micrographic examination 
revealed that peening affected the structure of the metal 
to a depth of 0.01 in. below the surface. The stresses 
were computed by the flexure formula applied to the 
section of failure. The results, Fig. 10, indicate that 
peening raised the endurance limit considerably. Ap- 
parently, it made no difference whether each layer was 
peened successively or only the outer layer was peened. 
This is in agreement with Bierett’s” and Strelow’s” state- 
ment that the coarser the grain at the surface of the 
weld, the lower the fatigue strength in reverse bending. 
Lohmann found in low nitrogen, double-V-welds about 
the same increase in reverse bend fatigue strength as 
that observed by Peterson and Jennings. Thum and 
Erker'* found that unless the peening removed all of 
the notch effect at the junction (of butt welds), no benefit 
could be expected from this operation in so far as fatigue 
behavior was concerned. 


Alloy Steels 


Oxyacetylene butt welds in a 0.39-in. thick, St 52 
steel, containing 0.18 C, 0.60 Si, 1.8 Mn, 0.40 Cu had a 
DVMR notch-impact value of 7.4-8.3 mkg./cm.* com- 
pared with 6.9-7.6 mkg./cm.? for unwelded base metal, 


30000 T 
>. 
~ 
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3 40/3 555 000 
§ 18 000 NOT MACHINED -PEENED OUTER Laven 727000 
DITTO PEENED EACH LAYER 290000 
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100000 1000 000 10000900 
Number of Cycles, log scale 


Fig. 10—Effect of Peening on Relation of Unit Stress and 
Number of Cycles for Failure. Peterson and Jennings™ 


Table 13 (a)—Welding Procedure* and Fatigue Strength} of Fillet Weld Specimens Designed to Fail in the Welds. 


Wilson” 


+—Fatigue Strength-—_—— 


———— —Welding Details—H--—————_-_—_—-~ Unit Stress in 1000's Number of Cycles for 
Specimen Direction of Lb./In.? on Failure in 1000's 
No. of Fillet Polarity Electrode Volts Amperes Throat of Fillet Av. Min. 
E) if 0 to 25.0 242.5 218.0 
G} 0 to 25.0 321.3 211.9 
E| Transverse Reversed E 6010 30 125 1370 
2E| 1+16.0 to —16.0 189.2 89.7 
2E, +13.0 to —13.0 1,022.1 559.0 
F) 0 to 25.0 257.5 81.5 
H| 0 to 25.0 24.3 17.2 
Longitudinal Straight E 6012 28 i90 
2F| 1+16.0 to —16.0 82.4 53.2 
2F \+13.0 to —13.0 472.4 330.8 


* All specimens were welded in the flat position with a ®/,9-in. electrode. 


(see Fig. 10). 
t Each value is the average of three or more tests. 
tool; the other specimens were not peened. 


All welds made with a single pass by an experienced welder 


Specimens G and H were peened while still hot with a round-nosed pneumatic 
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according to Holler and Frankenbusch.*! The welds 
were made with a low-carbon rod containing some Ni, 
Mn and Copper. Peening raised the DVMR value to 
8.2-9.3 mkg./cm.* but a reverse run was more effective 
(8.7-9.6 mkg./cm.”). A reverse layer, following ham- 
mering at red heat, increased the bending angle of the as- 
welded specimens from 80-90° to 180°. Tensile strength, 
however, was unaffected by any of the aforementioned 
treatments, the highest value (84,300 psi.) being obtained 
by a reverse run. Hot hammering yielded a value of 
83,300 psi. whereas the as-welded specimens had a tensile 
strength of about 86,700 psi. and unwelded base metal 
77,600 psi. 

Czternasty” found that hot peening and annealing 
raised the DVMR value of an oxyacetylene weld (0.11 
C, 0.7 Mn) from 5-9 mkg./cm. to 9-12 mkg./cm.? How- 
ever, the peening affected unfavorably the elastic limit 
and tensile strength, reducing them 2-3%. 


Nonferrous Materials 


Copper.—In general, cold peening of copper raises its 
tensile strength and hardness at the sacrifice of some 
difficulty. When peening is done at a suitable tem- 
perature or is followed by an adequate heat treatment, 
it ameliorates most of the ill-effects arising from the 
welding operation. A corrective treatment consisting of 
mechanical work plus heat is indispensable for quality 
welding of electrolytic or tough pitch copper. In the 
case of deoxidized copper welded with deoxidized copper 
rod, peening is applied to relieve locked-up stresses and 
to promote grain refinement but it is not essential in se 
far as strength and ductility are concerned. 

Annealing following peening has been set by several 
investigators’? at 1050 to 1200° F. Frodhlich®? 
recommends annealing at 1050° F. and chilling in water 
to approximately 800° F. The author claims that by 
this method ductility is improved and strength is in- 


Fig. 11—Effect of Peening Weld Metal of */;-In. Silicon Bronze 

Weld. Vreeland (Private Communication, November 1943) 

A. Original grain structure of base material. . 

8B. Grain growth in base material due to welding heat. 

C. Recrystallized equiaxed grain structure in weld brought 
about by peening and annealing from subsequent welding. 

D. Columnar crystals typical of arc-deposited weld metal, not 
sufficiently cold worked and annealed to obtain an equiaxed 
structure asin C. Note the cored structure still present. 
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creased 35-50% and may reach 100% of the original 
strength of the welded seam “‘if conditions are jy, 
right.”’ It is questionable, however, whether th, cold 
treatment suggested by this author will not increase the 
hazard of locked-up stresses. In this con tion 
Eyles™ points out that cold hammering will increase th. 
tenacity of the copper weld and recommends annealjno 
at 1200° F. followed by slow cooling, “‘the slower the 
better.” 

Gas Welds: Hunsicker™ investigated the mechanica] 
properties of single- and double-V oxyacetylene welds 
made in 0.39-in, thick electrolytic copper plate. The 
results, Table 14, reveal that annealing alone (669- 
700° C.) had little effect on tensile strength, whereas 
annealing following peening at red heat was very bene. 
ficial. Hammering at red heat or annealing at 1000° ¢ 
had practically no effect on the DVMR notch-impact 
value. Similar results on gas-welded copper were 
obtained by Hermann"™! who also was unable to find 
useful effect by hammering at red heat. 


Gily 


Table 14—Effect of Peening on Mechanical Properties of 
Gas-Welded Electrolytic Copper. Hunsicker® 


Type Tensile Notch-Impact 

of Strength, Value, 
Specimen Weld Psi. Mkg./Cm. 
As-welded 16,800 
23,700 
Annealed (not peened) Vv 23,700 
xX 27,400 
V 26,500 
31,900 
40,000 


Annealed and peened 4.2-5.3* 
3.4-6. 26t 


Unwelded (not annealed) 


* Hardness 80-90 Brinell. 
+ Hardness 40-60 Brinell. 


Oxyacetylene welds in electrolytic copper made with 
rods containing 1% Ag, were considerably improved by 
hammering at red heat, according to Holler®'. All the 
specimens fractured outside the weld. The static 
tensile values, Table 15, for the hot-worked welds were 
approximately 100% higher than those for the as-welded 
specimens and compared favorably with the unwelded 
strength of gas-welded brass 10% and the ductility 30>. 

Are Welds: Hasa and Benes tested the static tensile 
strength of arc welds made with bare, covered and carbon 
electrodes in electrolytic (99.956%) and commer 
(99.570 Cu, 0.101 Ni, 0.151 Su) copper. The welds wer 
tested in the as-welded, peened and annealed (alter 


Table 15—Tensile Strength and Ductility of Hot-Worked 
Gas Welds in Copper. Holler*! 


Tensile Strength, % Elongation 
Psi. 

29,900—34,100 

16,800-17,300 

28,400-3 1,300 


Specimen 
Unwelded 
As-welded 
Hot peened 


peening) condition. The 0.12-in. thick plates were 
welded without beveling whereas the 0.31-in. thc 
plates were 60° V beveled. Annealing, after peeing 


consisted of heating the welds for 1 hr. at 650° ( 


lowed by quenching from 500° C. The results, 

listed in Table 16, show that the hammered bare clec- 
trode welds had a tensile strength of 27,000 psi. and a lx nd 
angle of 65°. After annealing the tensile strength de- 
creased to 18,000 psi. The beneficial effect of peemms 
was particularly pronounced with the thicker plates 
(0.31 in.), both strength and ductility increasing co- 
siderably. The welds made with coated electrodes ("0 


MARCH 


= 
ag 
: = 
: 
a 
5 
\ 
bee 
BA 


Original 
are just 
the cold 
Case the 
nection 
ease the 
nealing 
wer the 
ch nical 
€ welds 
The 
e (O60- 


where 1S 


ty 
impact 
r were 
ind anv 


rties of 


Impact 
lue, 


le with 
ved by 
All the 

Static 
ls were 
we 
welded 
dU. 
tensile 
carbon 
mercial 
ls were 

iter 


Norked 


Table 16—Mechanical Properties* of Arc Welds in Electrolytic Copper. Hasa and Benes’ 
Plate ~Tensile Strength, Psi. SEE —————-Bend Angle, Degrees os 
Thick- At P PA A P Pa 
Bart 0.118 19,600 27,000 18,100 19.0 .. 65 45 
0.311 12,700 21,200 15,500 30 59 
Coated 0.118 30,700 22,600 32,600 32,400 26,700 30,300 35 40 27 174 162 180 
0.311 20,600 13,100 30,900 27,400 30,900 21,900 30 26 53 168 27 180 
Carbon 0.118 23,300 22,600 29,700 27,200 28,200 25,600 22 61 76 89 139 157 
0.311 19,000 21,500 21,300 25 40 
4 ilues averages of 3 tests. 
+A as-welded; P = peened; PA = peened and annealed 
details) in 0.12-in. plate had an average tensile strength 
Table 17—Welding Results for Silcon Bronze. Vreeland?! of 32,700 psi. and the bend angle increased after anneal- 


ing, from 127—174° to 162-180 A tensile strength of 


Tensile Tensile 
Gage Strength Strength 28,400 psi. and bend angles of 53° (for the d.-c. welds) 
Metal Sone Dp 78a. Ta. Lb /Sq. I. Remarks and 168° (for the a.-C. welds) were observed for the welds 
Vein 75° 61,200 46,700 Back-up plate used. No peen- made in 0.3-in. thick plates. Similar results were ob- 
ing last bead. 
if, in 75° 67,650 50,400 Back-up plate used. No peen- tained for carbon are welds. 
ing last bead. > > ile , 
ite 75° 67,650 86,300 Back-up plate used. Peened Saccomani and Verzillo’ re ported tensile values of 
1/4 in 75° 67,650 51,500 No back-up plated used. No 28,500 to 31,300 psi. with 29 to 31°) elongation for 
eeni 
%/, in 75° 67,650 61,300 $e backeap plated weed. Peened. oxyacetylene welds that were hammered hot and an- 
in. 75° 67,650 53,500 No back-up plated used. No at ANN? 9° 
band. neale d at 600° C. 112 F.). 
'/4 in 75 67,650 60,000 Back-up plate used. Peened. Silicon Bronze.—Vreeland*! conducted an investiga- 
‘/rin 90° 58.000 58.000 plate Pocned. tion to determine the effect of cold peening on the 
sin 75° 60,000 55,800 Back-up less aust. Posand tensile strength of carbon arc welds in '/, to °/¢-in. 
in 75° 60,000 57,000 Noback-up plate used. Peened. Sak ohn Tha nine one 
4~ 75° 60,000 48200 No back-up plate used. No thick silicon bronze plates. The peening operation was 
peening. performed with a round-nosed tool capable of thoroughly 
75° 60,000 50,000 No back-up plate used. No : 
peening last bead. upsetting the weld metal. Surprisingly, the results, 
t/a in 90° 56,200 51,800 Back-up plated used. Peened. Table 17, reveal that the highest values were obtained 
—Back-up plate used. Peened. where no back-up plate had been employed. The pro- 
in 90° 56,200 52,650 Two parallel beads used on top 
_ —Back-up plate used. No peen- cedure, summarized in Table 18, was recommended for 
90 56,200 arc welding silicon bronze. For and */,-in. plates, 
—_ the author suggests the use of parallel beads at the top 
Table 18—Recommended Welding Procedure for Silicon Bronze. Vreeland?! 
Filler Carbon Weld 
Plate Welding No. Rod Electrode Closed Circuit Tensile Strength 
Thickness Groove Beads Diam. Diam. Amperage Voltage psi Remarks 
1/, in. 1 5/9 in. 1/, in. 80-140 20-35 52,000-55,000 Not peened. Base metal 55-60,000 
*/a2 in. 1 3/19 in. 1/, in 110-170 20-35 52,000-55,000 Not peened. Base metal 55-60,000 
in. 1 1/, in. 5/ie in 160-220 25-40 50,000-53,000 Not peened. Base metal 55-60,000 
in in 80-140 20-35 Peened 
'/, in 75° 3 /a in. '/, in 110-170 20-35 54,000-—58,000 T.S. Base metal 
in. in 140-200 25-40 55,000-60,000 Ib sq. in 
in '/, in 80-140 20-35 Peened 
*/is in. 75° 3 5/s in 1/, in 110-170 20-35 54,000-58,000 T.S. Base metal 
in in 140-200 25-40 55,000-60,000 Ib./sq. in. 
1/s in, 1/, in 80-140 20-35 -Peened 
3/5 in 75° 4 /zm in. 1/, in 110-170 20-35 52,000-56,000 T.S. Base metal 
in. 1/, in 120-180 55,000-60,000 Ib./sq. in 
5/16 in, 3/, in 140-200 25-40 
"/16 in 75° 4 3/16 in, 1/, in 110-170 20-35 53,000-57,000 T.S. Base metal 
/« in. in 130-190 60,000-65,000 Ib./sq. in 
in 3/5 in 160-220 
in. 1/, in 80-140 20-35 
3/1 in, in 110-170 20-35 Peened 
/; im 75° 5 1/, in, 5/6 in 130-190 25—40 53,000-57,000 T.S. Base metal 
5/1 in. 3/s in 160-220 25-40 60,000-65,000 Ib./sq. in 
in. in 160-220 2540 
in. in 80-140 20-35 
1/4 in. in 120-180 20-35 Peened 
/s in 90 6 */s in. 2/s in 180-240 25-40 52,000-55,000 T.S. Base metal 
3/s in. 3/, in 180-240 25—40 60,000-65,000 Ib./sq. in. 
3/3 in. 3/, in 160-220 25—40 
3/, in 3/, in 180-240 25-40 
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Size Tested, In. 


Specimen Thickness Width 
As-welded 0.484 1.497 
Welded and annealed at 750° C. 0.494 1.502 
Cold peened 0.496 1.502 
Cold peened, annealed in muffle at 550° C. 0.514 1.515 
Cold peened, annealed in muffle at 650° C. 0.518 1.498 
Cold peened, annealed in muffle at 750° C. 0.505 1.534 
Cold peened, torch annealed at 660° C. 0.528 1.512 
At 0.509 2.002 
Bt 0.110 2.019 


* Yield point at */,% extension under load. 


Table 19—Effect of Air Hammering Arc-Welded Everdur. 


Powell and Hook*! 


Tensile % Fre 
Yield Point, * Strength, Elongation Elon; 
Psi. Psi. in 2 In. V/s I 
22,000 34,300 10.2 28 
16,100 30,500 12.0 
29,600 44,700 10.3 24 
34,700 45,090 8.8 | 
24,200 46,800 15.5 j 
17,300 38,400 16.8 42 
21,600 44,500 19.5 71 
25,400 44,000 13.5 
33,600f 62,000f 25.0T 


¢ Boiler shop weld in three beads 90° double-V groove (one side twice as deep as the other) air hammered and torch annealed 


¢ Reinforcement of 0.35 in. not machined off. 


of the welding groove in order to increase the welding 
speed and to reduce the heat effect on the base metal. 

Copper-Silicon Alloys.—Air-hammered welds made 
in four beads with 5/-in. diameter Everdur electrode 
(190 amp., 28 v.) 90° single-V groove, were studied by 
Powell and Hook.®' All of the reinforcement was 
machined from the bend and tensile test Everdur speci- 
mens, the 2-in. gage length of the latter being nearly 
prismatic in section. The results of the tests, Table 19, 
indicate that annealing confers no benefit on the joint, 
unless the weld metal first is cold worked. The annealed 
specimen showed, on one instance, a lower strength than 
the welded sample. According to the authors, this was 
due in this case to too high an anneal, the 750° C. being 
high enough to start recrystallization of the rolled metal. 
In the case of the hammered but not annealed specimen, 
cold work exerted a marked benefit on the weld. This 
was reflected in the yield point and the tensile strength 
values. Both strength and ductility were improved 
when cold peening of the weld metal was followed by an 
anneal at 650° C. The results from a second series of 
tests on welds made in '/, to */,-in. thick Everdur tank 
sheets are listed in Table 20. A metal arc electrode, 
§/y-in. diameter (190 amp, 28 v.) was used. Each bead 
was peened thoroughly with an air hammer, and the 
reinforcement was machined off. In general, the 
elongations indicate a reasonably good ductility. The 
toughness of the weld metal, according to the authors, is 
doubled by the peening and annealing treatments. 
Powell and Hook emphasized the difficulty encountered 
in controlling the peening operation. The hammering 
on the welds of the large accumulators was sufficient to 
reduce the thickness of the weld approximately '/\ in. 
for each hammered surface. The time consumed in 
peening slightly exceeded that required to actually 
deposit the metal. 


Table 20—Tensile Properties of Cold-Peened, Metallic Arc- 
Welded, Everdur Tank Sheets.* Powell and Hook*! 


Specimen Free 
Plate % Bend 
Thick- Test Specimen Elonga- Elonga- 
ness, Thick- Vield Tensile tionin tion in 
In. Width ness Point Strength 2 In. 1/2% 
Vl, 1.496 0.245 21,200 49,450 27.7 50.0 
3/, 1.499 0.369 23,200 50,150 24.7 55 
1/; 1.260 0.520 21,600 46,230 21.5 52 
3/, 1.265 0.770 20,500 40,700 


18.5 63 
* Torch annealed at 650° C., one bead. : 


Nickel and Nicorros——Most authorities 1 agree 
that peening is effective in improving the strength, 
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the structure and the appearance of welds made in sheet 
nickel (>1/,4 in.). Results of tests by Horn and Geld- 
bach,** Tables 21 and 22, indicate that hot peening 
considerably improved the static tensile properties 0 
oxyacetylene welds in 0.023- to 0.054-in. gage nicke! 
sheets but was ineffective when applied to Nicorros 
(67 Ni, 33 Cu). . 

Holler*! observed that torch annealing removed coring 
and that torch annealing following cold peening pr 
duced small, twinned grains in his nickel gas welds 
(thickness of plate not stated). The author found als 
that peening following torch annealing, raised tensik 
strength of the joint 35% but had no effect on ductility 
Hot peening was even more beneficial, raising the strength 
approximately 90% above as-welded. Unwelded base 
metal had a tensile strength of about 60,000 psi. as 
compared to 50,000 psi. for as-welded and 104,000 psi 
for the peened and annealed specimens. The cor 
responding elongations were 40-50, 10-30 and 38°7 
Holler found further that forge-welded nickel was equal 
in strength but had 40% lower ductility than unwelded 
base metal. 


Lightweight Metals and Alloys 


Aluminum.—The mechanical properties of Al and its 
alloys may be considerably improved by cold or hot 
peening. Hot peening (at 350° C.) seems to be pre 
ferred to cold peening which, according to some authior- 
ities,* ' is less effective and more dangerous in regard 
to developing cracks. From the standpoint of tensile 
properties, peening appears to be superfluous in the 
case of heat-treatable alloys, if peening is followed by a 
heat treatment. This is so because the heat treatment 
alone raises the strength of the welded joint close to that 
of the heat-treated base metal. 

In Grisheim’s™ investigation of pure acetylene welds 
made in 0.39-in. thick, 98% Al plate, cold peening im- 
proved tensile strength 60% and the elongation was 
raised from 12 to 14%. With 0.16-in. sheet, however 
the effect of peening was negligible. Similarly Duma 
found a 25% increase in strength (elongation was lowered 
from 12-25% to 5-8%) for gas butt-welded, cold-ham 
mered 99.8 Al hard sheet. Kohler® observed a! 
the same increase in strength for oxyacetylene butt welds 
which had been peened hot. 

Cold or hot peening had no effect on the tensile 
strength of two-torch vertical welds in 99.5% Al plate, 
1 in. thick, according to Buchholz.* The yield streng 
(0.2% offset in 2 in. across weld) were 34,000 psi. for ' 
cold-peened and 28,000 psi. for the hot-peened specim: 
The elongation decreased from 23%, to 19-20% in |5 
in. and the specimens fractured in the heat-affected 
zone (22'/, in. from the middle of the weld). Cold 
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Table 21—Tensile Properties of Peened Nickel Oxyacetylene Welds. Horn and Geldbach"™ 


Specimen Dimensions, Tensile Per Cent Ratio of Location of 
a In. Treatment Strength, Psi. Av. Welded to Unwelded Fracture, In. 
0.054 x 0.48 As-welded 56,900) ( 95 0.39 from weld 
2 0.054 x 0.484 As-welded 31,700 | | 53 In weld 
3 0.054 x 0.484 As-welded 47,300 47.000 ) 79 In weld 
{ 0.054 x 0.476 As-welded 44,400 | 75 In weld 
0.05 x 0.476 As-welded 43,400 73 In weld 
6 0.05 x 0.472 As-welded 43,500) 73 In weld 
7 0.03 x 0.464 Peened 74,200 82.000 (124 1.1 from weld 
g 0.023 x 0.472 Peened 62,800 } es 1140 0.6 from weld 
) 0.023 x 0.476 Peened 89,300) l148 0.7 from weld 
Table 22—Tensile Properties* of Gas-Welded Nicorros. Horn and Geldbach* 
Per Cent 
Specimen Direction of Dimensions, Tensile Ratio Welded Fracture 
No of Welding In. Treatment Strength, Psi. to Unwelded (Location) 
l L 0.488 x 0.054 As-welded 56,900) Weld 
2 L 0.456 x 0.058 As-welded 56,200 >54,200 85 Weld 
3 ¥ 0.484 x 0.054 As-welded 48,500) Weld 
4 R 0.472 x 0.058 As-welded 59,400) Outside 
5 R 0.476 x 0.058 As-welded 65,300 }62,100 96 Outside 
6 R 0.464 x 0.058 As-welded 61,600} Weld 
7 L 0.464 x 0.039 As-welded 71,900 Outside 
8 L 0.44 x 0.043 As-welded 58,300 }58,400 92 Outside 
Q L 0.488 x 0.043 As-welded 56,300) Outside 
10 R 0.476 x 0.043 Peened 56,200 Weld 
11 R 0.452 x 0.039 Peened 63,500 $60,700 95 Outside 
2 R 0.452 x 0.039 Peened 62,300) Outside 


* Averages of three specimens. Flux was used with strips of base metal as filler rod. 


L = Leftward. R = Rightward. 


peening raised the tensile strength only a few per cent 
in Brenner’s™ investigation on butt-welded 99.8% Al 
sheet (0.059-in. gage) and had practically no effect on 
Feldmann’s® oxyacetylene welds made in 99% Al hard 
plate. 

Haarich?® obtained unusual results with two-torch 
vertical welds made with 0.32-in. diameter rods in com- 
mercially pure Al plate (0.16 and 0.39 in. thick), in that 
cold peening increased the reduction of area of all 
specimens, whereas annealing decreased the reduction 
of area which was about 70% for all the specimens. 
The tensile strength which was raised a few per cent 
by cold peening was. lowered to as-welded value while 
elongation was raised even above as-welded value, by a 
subsequent annealing operation. 

In Zimmermann’s*® tests of oxyacetylene V-butt welds 
made in soft- and hard-rolled aluminum (99.5% purity, 
0.39 and 0.79 in. thick), cold hammering improved the 
notch-impact value 1 to 4 mkg./cm.?, and hot peening 
raised the value to that of unwelded base metal, Table 
23. DVMR type specimens (0.39 x 0.39 x 2.16 in. 


Table 23—Effect of Peening on Notch-Impact Value of Gas- 
Welded Aluminum Plate. Zimmermann’ 


Notch-Impact Value, Mkg./Cm.*—— 


Specimen Plate 0.39 In. Thick Plate 0.79 In. Thick 
Unwelded base metal 7.7 (8.6)* 10.5 (11.8) 
As-welded 4.0 (4.7) 6.2( 5.7 
Cold peened 5.1 (5.5) 8.7 (10.0) 

Hot peened 5.6 (7.1) 10.8 (10.8) 


2 a in parentheses for hard-rolled plate; all other values for 
Soit plate. 


notch in root of weld metal 0.11 in. deep, 0.08 in. di- 
ameter) were cut from the 0.39-in. plate, and VGB speci- 
mens (0.8-in. wide x 0.11-in. deep x 5 in. span, notch 
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through center line of weld 0.6-in. deep, 0.15 in, diameter) 
were produced from the 0.79-in. plate. Peening had 
more effect on the VGB specimens than on the DVMR 
specimens. The hammering was done under a forging 
hammer (no details.) 

Buchholz® and Rajakovics'! found peening to have 
little effect on arc welds made in 1-in. thick aluminum 
plate, yet in the investigation conducted by Schimpke 
and Horn," cold peening or cold rolling raised the ten- 
sile strength of arc butt welds in the same material 
from 11-14,000 to 26,000 psi. 

Cold peening followed by an anneal at 350° C. anda 
water quench raised the strength of hammer-welded, 
0.12-in. thick Al plates from 12,400 to 13,600, according 
to Holler.* The average elongation in 8 in. was 21% 
(as-welded had 17% elongation). Cooling in air (in- 
stead of quenching) after peening and annealing at 
350° C., lowered the strength to 8400 psi. but increased 
the elongation to 26%. 

Aluminum Alloys.—Peening almost invariably in- 
creases the tensile strength of soft aluminum alloys. 
The results obtained by Feldmann® and others!'* 
show conclusively this to be the case—especially with 
alloys of the 2S and 35S type. Feldmann’s® results 
summarized in Table 24, indicate that peening had a 
beneficial effect on all but the Al-1.5Mn, half-hard alloy. 
Similar results were reported by another investigator’ 
who obtained a tensile strength of 16,200 psi. for as- 
welded and 16,100 psi. for cold-hammered, gas-welded 
Al-1.5Mn hard sheet, 0.059 in. thick. 

Goryatsev'” reported satisfactory results (15,000— 
16,500 psi. tensile; 180° bend angle) for cold-peened 
carbon are welds made in 0.20-in. Al plate containing 
0.94 Fe, 0.19 Cu and 0.21 Si. The filler rod was of the 
same composition as the base metal. 

The tensile properties of atomic hydrogen welds have 
been determined by Rajakovics.'" The results, Table 
25, show that cold peening raised the tensile strength 
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Table 24—Effect of Peening on the Tensile Strength of Oxyacetylene-Welded Al Alloys. Feldmann*’ 


Specimen * 


4 


Av. Tensile Locat 0 
No. Alloyt Treatment Strength, Psi. Fracturs 
] Al-Mg (4.9 Mg) hard As-welded 39,700 
2 Al-Mg (4.9 Mg) hard Peened 40,600 
3 Al-Mg (7.35 Mg) soft As-welded 47,000 
4 Al-Mg (7.35 Mg) soft but annealed Peened 50,000 
5 Al-Mg (8.55 Mg) hard As-welded 49,800 
6 Al-Mg (8.55 Mg) hard Peened 52,000 
7 0.7 Si, 1.4 Mg, 0.9 Mn welded with 5% Sirod Heat treated, machined flush 35,600 Weld 
8 0.7 Si, 1.4 Mg, 0.9 Mn welded with 5% Sirod Peened, heat treated and machined flush 42.000 Weld ~~ 
9 1.5 Mg; 1.5 Mn, 0.7 Si; 0.2 Sb As-welded 32,100 Heat-aflected zones 
10 1.55 Mg; 1.5 Mn, 0.7 Si; 02. Sb Peened 32,450 Heat-affected zone? 
11 1.5 Mg; 1.5 Mn, 0.7 Si; 0.2 Sb Machined flush (not peened) 28,900 Weld ete 
12 1.5 Mg; 1.5 Mn, 0.7 Si; 0.2 Sb Peened, then machined flush 31,000 Heat-affected 2, 
13 Al-Mn (1.5 Mn) !/, hard As-welded 15,900 Heat-affected zon, 
14 Al-Mn (1.5 Mn) !/, hard Peened 15,800 Heat-affect: 
15 Al-Mn (1.5 Mn) 1/, hard Machined flush (not peened) 15,800 Heat-aflect: 
16 Al-Mn (1.5 Mn) !/, hard Peened, then machined flush 15,900 Heat-affected zone 
17 4.5 Cu, 0.5 Mg, 0.6 Mn§ As-welded 37,000 f - 
18 1.5 Cu, 0.5 Mg, 0.6 Mn§ Cold peened 40,000 
19 4.5 Cu, 0.5 Mg, 0.6 Mn§ Heat treated (not peened) 54,000 Fig. 
20 4.5 Cu, 0.5 Mg, 0.6 Mn§ Peened, then heat treated 55,500 
* Specimens 0.39-0.47 in. wide were cut from 16-in. long weld. 
+t Plate thickness 0.08 in. Be 
t Heat-affected zone was 1.2-1.8 in. wide. weld 
§ Peening alone increased % elongation in weld from 5 (as-welded) to 40 whereas peening followed by heat treatment raised it to 5 unwe 
(no d 
and the elongation of both flange and butt welds 5 to. strength alloys (6Al-1Zn) and (3'/2-5 Al) had about 
10%. Best results were secured with Al-Mg alloys. the same strength as unwelded base metal. Welds }; 
However, the 0.7 Mo, 1.0 Si, 0.7 Mn alloy yielded very 2% Mn alloy had lower bend angle than the base metal Gene 
low values in the as-welded condition and also after — Pe 
peening. : ; ; Table 26—Mechanical Properties of Oxyacetylene-Welded a no! 
Bollenrath and Cornelius'’ point to the beneficial Wrought Magnesium Alloys.* Grahl'*! extel 
effect of peening (no details) on the fatigue properties Tensile Strength, C7 struc 
of tubes made of aluminum alloys (6% and 8% Mg) Alloy Treatment Psi. Elongatio: Di 
butt welded with a torch, the weld metal being the 2% Mn As-welded 15,600-19,900 1-2 mets 
weakest spot. 2% Mn Peened 24, 200-29, 800 24 cold 
Peening was advantageously performed on every n 1-2 heat 
section 4 in. long of arc welds 87 in. long (T-joints) in _° 30,600-41,200 the 
Al-7% Mg alloy 0.13 to 0.20-in. thick in the fabrication * Tested as extruded material and sheet. Pe 
of the main girders of a French railway coach.'” limit 
Magnesium and Its Alloys.—Peening has practically weld 
the same effect and is as much a part of good welding Table 27—Mechanical Properties of Oxyacetylene Welded Hov 
practice for some magnesium alloys as for aluminum. In Wrought Magnesium Alloys.* Aluminum Company of of tl 
general, peening is confined to 3.5-5% Al and to 1.2-2% America'* it w 
Mn alloys and is performed at 300° C. (+30° C.), —Tensile, Strength, Psi— ——% Elongation laye 
according to Bibus,** Horn and Tews” and others'™ 4! Dressed Dressed welc 
in order to avoid the cracking which often occurs if the . As- Ground and As- Ground and _ met 
temperature is too low. W Flush of t] 
Flight'® recommends peening for all welds in aircraft Zn was 
fuel tanks and claims that the hammered welded seam 03Mn — 30,000 26,000 36,000 5 2 ¢ whe 
has 100% or more of the plate strength (no details). 3.5-5.0 Al 30,000 26,000 36,000 8 3 4 We 
The beneficial effect of peening on both strength and cha 
ductility was shown in tests carried out by Grahl!#! wel 
and the Aluminum Company of America.“ The * The 5.8-7.2 Al, 1.0-1.5 Zn alloy was tested as extrusion; all Fig 
results are summarized in Tables 26 and 27, respectively. others as sheets. ber 
In both investigations, the peened welds in the high- —— A 
ris! 
— — = The 
last 
Table 25—Effect of Cold Peening on Tensile Properties of Atomic Hydrogen Welds in 0.039-In. Thick Al Alloy Sheets. tt = 
Rajakovics''* 
Lied 
Tensile Strength, Psi. Yield Strength, Psi. % Elongation in 8 In ne: 
Alloy As-Welded* Cold peenedt As-Welded Cold Peened As- Welded Cold Peened wil 
0.7 Mg, 1.0 Si, 0.7 Mn 25,400-30,600  27,300-33,600 20,000-25,200  23,900-26,700 2.3-4.5 2.2-5.5 = 
7% Mg, 0.7 Si, 0.45 Mn 37,600-46,200  42,500-47,000  25,000-28,700  23,000-33,600 7-12 5-15 wit 
9% Mg, 1.0 Si, 0.5 Mn 32,300-44,400 39,800-50,500 28,400-30,400  29,000-39,300 2.3-11 2.7-11 gra 
4 Cu, 1 Mg, 1.2 Mn, 0.6 Si 35,700—40,700 *43,600-49,100 ae gar: 0.5-2.0 1.1-2.3 ma 
4.5 Cu, 0.5 Mg, 0.8 Mn, 0.6 Si 35,600-37,800 42,000-52,800 1.5-2.3 2.3-4.1 un 
4.5 Cu, 0.5 Mg, 0.6 Mn 32,300-42,300 37,000-44,300 30,200-36,000 32,600-41,100 2.54.0 2.34.1 | 
* Machined flange welds. lea 
t Flange or butt welds. me 
— — we 
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Groove Specimen Used to Simulate Upper Position of 
Dip Groove Welds. Somers*® 


Fig. 12 


Beck!*? and Winter'** have found that peening the 
weld flush raises the tensile strength up to 95% of 
unwelded alloy. Contrary to the results obtained by 
the Aluminum Co. of America,'* Table 27, Altwicker’ 
(no details) found peening to lower ductility. 


Grain Refinement 

General 

Peening may be compared to a hot working process in 
anormal metallurgical practice in that it would, to some 
extent, prevent the formation of an excessively coarse 
structure. 

Due to absence of allotropic transformation, certain 
metals are not refinable by heat treatment; therefore 
cold working is essential for recrystallization. In fact, 
heating a metal or an alloy of this type can only coarsen 
the structure. 

Powell and Hook*! found that heating to 750° C. for 
limited time had no effect on the dendritic structure of 
welded Everdur (3 Si, 1 Mn, trace Fe, balance Cu). 
However, after severe peeming (no details) the structure 
of the weld was refined by the heat treatment to which 
it was subjected during the deposition of a subsequent 
layer. Furthermore, while the heat produced by the 
welding cycle was sufficient to refine the cold-worked 
metal, there was not sufficient time to allow coarsening 
of the base metal structure. The metal, in a single layer, 
was found to be refined to a depth of 0.22 to 0.26 in., 
where the structure was equiaxed and crystalline. 
Weld metal beyond that depth showed little or no 
change in its columnar form. The effect of peening 
weld metal of °/s in. silicon bronze weld is illustrated in 
Fig. 11, by Vreeland (private communication, Novem- 
ber 1943), 

_A similar peening treatment was suggested by Har- 
ris for refining the grain structure of nickel and Monel. 
The author indicated that in multilayer welding, the 
last layer of weld metal can be refined by heating 
the whole welded construction to 650° C. or by torch 
heating the welded zone to that temperature. An an- 
nealing temperature of 750° C. was found to coarsen both 
weld metal and base stock. Horn and Geldbach* agree 
with Harris that peening is very effective in refining the 
grain structure of nickel. However, Metals Handbook'** 
maintains that peening nickel oxyacetylene welds is 
unnecessary for that purpose. 

By peening the hot metal, the dendritic structure of 
lead is removed and the grain size refined to that of base 
metal, according to Hiers** and Jones.** Lap and vertical 
welds made, by Jones* without filler rod in lead contain- 
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ing 0.045 Te, 0.062 Cu, rolled from a 12-ton ingot had 
the same fine grain size as unaffected base metal. 

Feldmann™ found that peening oxyacetylene welds 
in (3.5-5.5 Cu, 0.2-2 Mg, 0.2-1.5 Si) Al-Cu-Si alloy 
before heat treatment was superfluous, yet Brenngr® and 
Maier” admitted that peened welds were in better con- 
dition for heat treatment than unpeened. Although 
hot peening did not refine the grain structure of two- 
torch vertical welds in 1-in. thick Al plate, according 
to Buchholz®, hammering at 350° C. was very ad- 
vantageous in regard to grain refinement in Daniel’s® 
and Kohler’s investigations. 


Hardness 


The effect of peening temperature on the properties 
of A.W.S. E 6020 weld metal deposited with '/,-im. 
diameter electrodes (300 amp, d.-c.) has been investigated 
by Somers.” A “‘groove’’ type specimen, Fig. 12 was 
cut from 1-in. thick structural plate (0.19 C, 0.55 Mn, 
0.015 P, 0.034 S, 0.10 Si) and two layers of weld metal 
were deposited, weaving the full width of the groove. 
The second layer was built up with a “‘reinforcement”’ 
approximately '/,. in. above the plate surface. An air 
gun and a chisel were employed for the peening opera- 
tion which was severe enough to remove almost all ripple 
marks on the welds. Rockwell hardness readings and 
the results from a hot etch inspection for cracks were 
used to evaluate the effects of peening which was per- 
formed at room temperature (70° F.), 200, 400, 600 
and 1200° F. Two specimens were tested at each tem- 
perature, the procedure being: (a) to deposit the first 
layer of weld in the groove, (6) heat to a designated tem- 
perature, (c) peen one specimen, (d) cool in air to room 
temperature, (f) deposit second layer, (g) heat, (4) peen 
and (z) coolin air. A cross section of the specimen taken 
'/, in. from the start of the weld was polished and use 
in the hardness survey. The results, Fig. 13, show that 
peening can cause hardness increases in the weld metal 
equal to or greater than the heat effect of welding on the 
base material. The greatest hardening effect was ob- 
served in the blue brittle range (600° F.) where peening 
produced a 25% increase in Rockwell B hardness. Dep- 
osition of a subsequent layer of weld metal on top of 
the peened layer, of course, reduced the hardness con- 
siderably below that of the heat-affected zone. This 
confirms established data that peening of all but the top 
layers of a welded joint would confer the greatest benefit 
with the least danger of reducing ductility. Hot acid 
etch of the surface of the weld, and on horizontal sections 
through each layer, showed no cracks except on the 
specimen peened at room temperature, thus justifying 
the A.W.S. Bridge Code" which sets 100° F. as the lowest 
peening temperature. 

MacCutcheon and Kingsley™® surveyed the hardness 
of specimens prepared by laying and peening two layers 
of beads on a */s-inch thick, mild steel plate. Annealing 
beads were deposited over half the surface and the tests 
were made at various depths throughout the plate thick- 
ness. The results, Fig. 14, indicate that peening affects 
the hardness to a depth of 0.5 in., and the annealing bead 
to a depth of 0.3 in. below the peened surface. All the 
Rockwell B readings were taken at two different cross 
sections to give average results. The authors concluded 
that hardness increased 6% due to multiple bead peening. 

In Zimmermann's® tests on single- and double-V butt 
welds in 99.5% Al 0.20, 0.39 or 0.79 in. thick, the base 
metal had an average Brinell hardness of 22 and the as- 
welded specimens a hardness of 24. Hot peening raised 
the Brinell hardness to 25 and cold peening to 32. The 
weld metal was softer than hard-rolled base metal in 
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Maier’s ® test on an Al-Mg-Si alloy 0.16 in. thick. Hot » Hu 
peening annealed the base metal and cold peening did @ + Al ple 
not raise the hardness of the softened zone. Some of Bren | made 
Maier’s results were confirmed by Brenner,™ Fig. 15. 00 ; cm.* ( 
Bosshard'** showed that heat treatment raises the tion o 
hardness of the soft zone and weld metal to that of the % ~~ 41%" ' ay oe | at 20 
base metal, provided the filler rod is of the same com- AN ( ae ed and 1 
position as the base metal. Similar results were ob- 60 > tabul 
tained by Feldmann,® Table 28. 
Miscellaneous Table 
Porosity 
: Peening was originally used to close up blowholes and Fig. 15—Effect of Cold Peening on Hardness of Oxyacetylene 
increase the density of weld metal deposited by bare Welds in a Half-Hard Alloy Containing 1-2 Mn, 2-2.5 Mg 
electrodes. Thus Gerritzen and Schoenmaker’™ at- 0.079 In. Thick. Brinell Hardness Was Measured with a Ball Oxya 
tributed the increase in strength of peened welds made 2.5 mm. Diameter. Brenner* Oxyar 
with bare electrodes, to the closing of pores under the > 
blows of the hammer. Similarly in Zimmermann’s® 
. we. 
investigation of hot- and cold-peened gas welds made 
in pure Aluminum plate, (Table 23) the application o! 
peening was apparently confined to leveling the re- 
inforcement after the welding had been completed, cons 
a a . resulting in some sealing of porosity together with grain pee 
) 
os | Table 28—Brinell Hardness of Oxyacetylene-Welded Joints 
ms 6° 7 wW in an Al Alloy 0.08 in. Thick (0.7 Si, 1.4 Mg, 0.9Mn). Feld- mer 
mann®* unn 
x by 1 
Fy u Condition of Brinell Hardnes 
&20 © os Base Metal Specimen w* B* 
w Soft As-weldedt 65 38-65 38 me 
3 ul Heat treated As-weldedt 62 50-55 92 Scr 
| Heat treated As-welded but peened met 
a and heat treated 95 95 due 
oO 4 Heat treated As-weldedt 62 55 nea 
Heat treated As-welded but peened 
{00 350 BO To 60 and heat treated 75 95 
Fig. 14—Rockwell “B’) Hardness of Beads on PL. Mac- * W = weld metal; H = heat-affected zone; B = base metal aft 
Cutcheon and Kingsley" + Welded with rod of same composition. 
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refinernent. However, in Czternasty’s? tests of gas 
welds (see section on Mechanical Properties) it was 
evident that the beneficial effect of peening was due to 
-ocryst allization rather than to sealing porosity. 

Little doubt exists, that the development of covered 
electrodes, has practically eliminated porosity and this 
varticular reason for applying peening. 


Corrosion Resistance 


The necessity of removing all remains of flux, slag 
and other impurities prior to peening, was brought out 
in the section on Peening Technique. Failure to do so 
usually is the cause of many evils—and has an especially 
pernicious effect on the corrosion resistance of some 
materials. 

Inclusions of slag at the junction zone always lead to 
heavy attack and act as nuclei for electrolytic action, 
according to one investigator.’ This was confirmed by 
Ornitz'*?? Thom"™* and Zimfn'*® who also regarded slag 
and oxide inclusions as unfavorable to corrosion re- 
sistance. 

Owens!® failed to observe any appreciable corrosion 
of gas and metal are V butt-welded joints that had 
been immersed in concentrated H.SO, for 2 months. The 
base metal was °/s-in. medium steel plate and the welds 
were ground flush and peened (presumably cold). 
Holler'*! pointed out that peening did not improve the 
corrosion resistance of welds in 18-8 and that slag in- 
clusions cause local corrosion due to electrolytic action. 

Hunsicker!** studied gas butt welds made in 0.39-in. 
Al plate. The potential measurements, Table 29, were 
made with quinhydrone electrode in 1% NaCl with 0.02 
cm.* 0. per liter in solution and a stirred normal solu- 
tion of NaCl was used for the loss of weight tests (8 hr. 
at 20° C.). The specimens were 0.39 x 0.39 x 3.2 in. 
and the cleaning agent was 10% HNO;. From the 
tabulated results it appears that remains of flux may 


Table 29—Corrosion Resistance of Butt Welds in 99.5 Al. 


Hunsicker!* 


Electromotive Loss of Weight, 


Force, Mv. Gm./M.?/Hr. 
Not Not 
Specimen Washed Washed Washed Washed 

Oxyacetylene weld, as-welded 925 890 47 11.5 
Oxyacetylene weld, as-welded, 

cold peened 950 880 49 8.1 
Oxyhydrogen weld, as-welded 975 925 52 11 
Oxyhydrogen weld, as- 

welded, cold peened 1000 920 52 10.5 


considerably increase the rate of corrosion in NaCl, cold 
peening also somewhat accentuating the acid attack. 

Oxyhydrogen and oxyacetylene X welds in 0.24-in. 
Al plate were tested by Eckert."** The specimens were 
1.4 in. wide, cut from 32-in. long welds, and were im- 
mersed in 40% HNO; at 60-70° C. for 8 days. The 
unmachined and milled flush welds were badly attacked 
by the acid. The attack was worse after heavy peening 
(with compressed air and hand hammers) of welds, 
the reinforcement of which had been chiseled off and 
scraped by hand. Torch annealing after heavy ham- 
mering resulted only in preferential attack on the weld 
due to local overheating with the torch, whereas an- 
nealing at 500° C. in molten KNO; etched but did not 
otherwise attack the weld. The same results was ob- 
tained for specimens that had been lightly hammered 
after annealing. 

Helling and Neunzig'** showed that coring in weld 
metal of the same composition as the base metal ac- 
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counts for the preferential attack of cold-peened 99.5% 
Al weld metal in 40% HNO, or 6% H,SO; at 70° C 

In Holler’s'® investigation with oxyacetylene welds 
in 99 Al, the cold-peened welds corroded 30% faster 
than as-welded. The specimens were immersed in 
stoppered flasks containing 10% and 96% acetic acid, 
conc. H2SO;, HeSO, (1.10 sp. gr.), HeSO, (1.50 sp. gr) 
and HNO, (same gravities as HeSQ,). 

Maier'*® and Rdéhrig'®” found that hot peening (no 
details) raises the corrosion resistance of gas and metal 
arc welds whereas another author'** made the flat state- 
ment that peening, has a damaging effect (no details). 

In general, peening followed by annealing has a good 
effect on the corrosion resistance of Al, according to 
Zimmermann,’ Kautny'’® and others,” and some 
authorities! 14! recommend such treatment for 
nitric acid equipment. 

Annealing after cold hammering according to Haar- 
rich,'*? increased the elongation above as-welded value 
for corroded d.-c. arc welds after immersion for 30 days 
in 10 vol. % H.SO,. The butt welds were made in cold- 
rolled Al plate (0.16 in. thick, 99.35 Al). The results, 
Table 30, also indicated that the elongation of the cold- 
peened (not annealed) welds was reduced about 50% by 
corrosion in H»SO,. 

Peening (no details) was found beneficial in increasing 
the corrosion resistance of the exterior of car butt welds 
made in steam coil installations, according to Johan- 


Table 30—Elongation* of Corroded, Cold Hammered D.-C. 
Arc Butt Welds. Haarich' 


As-welded 


Method Uncorroded H.SO, 
As-welded 85 65 
Cold peened 82 40 
Cold peened and annealed 125 100 


* Max. % elongation measured on an original length of about 
0.16 in. 
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Discussion of the Review of 
Literature on “Peening—lIts 
Effect on Relief of Residual 
Stresses, Distortion and Me- 
chanical Properties of Welds’ 


By Isaac Harter* and E. F. Wilson! 


HE report on Peening deals with a subject not easy 

to rationalize. Consequently, great credit is du 

to the authors in abstracting and evaluating the es 
sentials from highly empirical and rather inconsistent in 
formation. The literature cited has mentioned the tem 
perature ranges of brittleness between room and lower 
critical temperatures for steel. Some comment 
upon this subject might be of interest. Excluding em 
brittlement from below some 70° F., particularly sub- 
zero effects, there are two important ranges at which an 
anomalous drop in ductility, compared to the more 
can be observed. G. Willard Quick’ 
of the National Bureau of Standards has described 
these in his studies of short-time tensile tests of rail 
steels at elevated temperatures. Designated as pr 
mary embrittlement, but which is actually a lowerng 
of the static ductility, the first is evident around 400 I. 


* Vice-President, Babcock and Wilcox., Barberton, Ohio. 
t+ Chief Metallurgist, Babcock and Wilcox Co., Barberton, Ohio. 
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The cflect is not very prt mounced but is more apparent 
is of moderate or higher carbon contents or those 


in 

which are stiffened by alloying elements or unintention- 
lly included elements such as oxygen, phosphorus or 
poss ly nitrogen. The temperature range is com- 


monly known as that of blue heat and the effect as 
“blue brittleness.” 

Secondary embrittlement, evident as a rather sub- 
stantial drop in static ductility in the short-time el- 
evated temperature tests, is characteristic of some steels 
at about 1000° F. Some alloy additions are thought to 
accentuate this, while the addition of molybdenum is 
considered to have an alleviating effect. The temper- 
ature ranges or temperature of greatest effect vary in 
different steels and do not appear to be constant even 
1 materials of the same nominal composition. However, 
e general location is near the temperature mentioned 
jve. Elements such as phosphorus, nitrogen and 
xygen, which may be regarded as essentially uncon- 
trollable strengthening additions, increase the brittle- 
ness in the secondary range. Consequently, suscepti- 
bilities of steel to secondary embrittlement depend on 
the process and details of manufacture. 

Charpy impact tests made by Quick* at elevated 
temperatures failed to display blue brittleness, but 
showed markedly lower values at temperatures of sec- 
ondary embrittlement. Similar, behavior has been 
observed by Epstein on steels made by different melt- 
ing processes. The reason for these differences is prob- 
ably due to the fact that the lowered ductility at blue 
heat in the tensile test results from accelerated aging. 
This takes place on mechanical work and within this 
temperature region. Aging is generally accepted as a 
hardening and strengthening process as a result of highly 
dispersed precipitation of some phase from the metallic 
solid solution. It requires finite time and the rapid 
action of an impact blow does not develop this effect. 

The practical significance of the above is that blue 
brittleness in a dynamic sense or on peening may not 
be evident unless the metal is susceptible to aging and 
sufficient time and other conditions aid in its occurrence. 
Low-carbon weld metal, properly deposited with covered 
electrodes, shows little effect compared to bare rod 
deposits which are quite strongly susceptible. 

The range of secondary embrittlement corresponds 
with that of temper brittleness. The latter consists of a 
drop in impact resistance in steels, particularly alloy 


i 
t 


a 
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types, when slowly cooled to room temperatures from 
some 800 to 1000° F. Quenching prevents this and 
probably inhibits an incipient precipitation hardening. 
Reheating to above this embrittlement temperature 
range followed by moderate or rapid cooling eliminates 
this impairment. 

Since the effect of secondary embrittlement at ele 
vated temperatures may not coincide with impact load- 
ing and the static ductility is less seriously affected, it 
may not be of serious importance in many applications. 
Temper brittleness, however, can be appreciable if the 
circumstances provide a prolonged retention in this 
temperature range. Its effect becomes more evident 
on cooling to temperatures below which any stress-re 
lieving influence can offer alleviation. As a result, its 
effect may be confused with that of blue heat when it 
occurs just below this range. Actually the reduced 
static ductility and lowered impact strength on aging 
in the primary range are relatively slight compared 
with that developed from the secondary range. 

Regarding endurance properties and their possible 
improvement by controlled peening; the contribution 
of shot blasting to give a similar superficial hardening 
effect has already been recognized and applied. Its 
utilization for internal stress equalization and some stress 
removal by plastic adjustment is less well appreciated 
and applied, probably because of incomplete informa- 
tion on control methods. However, J. A. Almen?® 
of General Motors Corp. has devised a control standard, 
determined by the flexure characteristics in a flat strip 
of steel before and after being shot blasted on one face. 
Other efforts are being made to study the influence of 
shot size, volume of shot per area, travel rate of shot, 
angle of work and degree of coverage obtained. 

Regarding the effect of peening on corrosion resist 
ance; in addition to the benefits of removing slag, flux, 
etc., any treatment which will remove internal stress 
lowers the solution tendency in corrosive media. This 
is especially true when unstressed metal is adjacent in 
the same media. 
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1. Quick, G. W., “Tensile Properties of Rail Steels at Elevated Tempera 
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2. Quick, G. W., ““The Resistance to Impact of Rail Steels at Elevated Tem 
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3. See Anon., “Shotblasting Aircraft Engine Parts,’’ Amer. Machinist, pp. 88 
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Reviews of Recent 
Foreign Welding 
Literature 


_Eprrorran Note—The Welding Research Council 
ts unable to obtain current foreign welding literature and 
these abstracts are taken from the Welding Literature 
Review published by the Institute of Welding. 


lesTING witH X-Ray CounTiInc Tuses. Ill. 7Z 
fur Praktische Metallbearbeitung, 1942, Aug. (Trans- 
lated in Iron Age, 1943, June 10, pp. 70-71 and 120.) 
This article outlines recent German developments in 
quantitative intensity measurements by Geiger Mueller 
counting tubes and demonstrates their use in detecting 
faults radiographically. The counting tube method for 
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detecting X-rays, which uses the ionizing property of 
X-rays, is an alternative to the more conventional use of 
films and fluorescent screens. Some account of sensi- 
tivity and practical methods is given, and it is possible 
that the technique may have some application to the 
X-ray inspection of welds. There are 6 illustrations, 
which include schematic diagrams. 


THE MANUFACTURE OF EDGED TOOLS WITH FUSED-ON 
PLATES OF H1GH SPEED STEEL. Avlogennoe Delo, vol. 
20, 1940, no. 6. 

The use of a mixture of 63° ferromanganese and 37% 
ground glass as a flux (reduction of the oxide formed dur- 
ing the heating of the steel with the formation of a slag) 
for the welding of small plates of high-speed steel on to 
steel shafts with a hand press is described. Plate and 
shaft are heated to 800-820° C, the shaft is cleaned with a 
metal brush, after which the flux is applied, the tempera- 
ture is raised to 1300° and the piece is subjected to pres- 
sure at this temperature. It is finally quenched in oil 
and annealed at 560-570°. (Abstracted in Alloy Metals 
Review, 1943, Sept., p. 2.) 
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I. Introduction 
1. Objectand Scope of Tests 


N THE past few years question has been raised con- 
cerning the proper design of top plates to be used 
as parts of beam-to-column connections in buildings. 

A few tests have been made but not enough to determine 
a satisfactory top plate and weld for this connection. 

This series of specimens was designed and tested in 
the attempt to determine the structural behavior of 
some promising types of top-plate details. A total of 
17 specimens were tested, 11 intended to be of the ‘‘semi- 
rigid’’ type and six of the “flexible” type.f 

Semirigid connections are of interest because in the 
range of 50 to 100% rigidity they theoretically permit 
the use of a lighter beam for the same load than either 
the fully rigid or the flexible connections. Furthermore, 
semirigid connections require lighter welds and less 
welding than fully rigid connections. The resulting de- 
crease in weight of steel used and in welding required may 
effect considerable economy in the construction of some 
types of building. 


* Formerly Welding Research Council Fellow in Fritz Engineering Labora- 
tory, Lehigh University, now with Carnegie-Illinois Steel Co., Youngstown, 
Ohio 

{ Assistant Director, Fritz Engineering Laboratory, Lehigh University. 
For explanation of terms see Section I. 
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Report ot Tests of Welded Top-Plate 


and Seat Building Connections 


By J. L. Brandes* and R. M. Mains! 


test specimens. 


Specimens were designed according to present stand. 
ard specifications (see paragraph 8 for details), some 
special assumptions (paragraphs 9, 10, 13) and a design 
procedure for continuous frames as discussed by Johnston 
and Hechtman.** 

The results of the tests are discussed in Section VI with 
some interpretations of test behavior from the considera- 
tion of moment-rotation curves and “design require- 
ment beam lines” and observations made during test 
Table 4 summarizes the test results. 


2. Acknowledgment 


This investigation was one of a series which has been 
sponsored by the Welding Research Council in coopera- 
tion with Lehigh University and conducted in the Fritz 
Engineering Laboratory. Committee on Structural 
Steel of the Welding Research Council of the Engi- 
neering Foundation, was responsible for general super- 
vision of the work. A special subcommittee consisting 
of F. H. Dill of the American Bridge Co., H. W. Lawson 
of the Bethlehem Steel Co., C. L. Kreidler of the Lehigh 
Structural Steel Co. and B. G. Johnston, formerly of 
Fritz Engineering Laboratory, helped in designing the 
The graduate students and technicians 


* Numbers refer to items in Bibliography 
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Fig. 1—Classes of Beam-Column Connections 
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of Fritz Engineering Laboratory rendered valuable aid 
in the conduct of the tests and compilation of the re- 
port. 


Il. Definition of Special Terms 


For convenience of discussion, the different types of 
building connections are here divided into three classes: 
flexible, rigid and semirigid. Precise limits for the dif- 
ferent classes cannot be established, since one class passes 
gradually into the other without sharp demarcation. 
The existence of the different types should be recognized, 
however, because the use of an inherently semirigid con- 
nection in a design which anticipated the use of flexible 
connections, with no provision made for moments de- 
veloped at the joints, might lead to unexpected results. 


9. “Flexible Connection” Defined 


A “flexible connection” is theoretically possible only 
if there is no restraint against relative rotation of beam 
and column. A pin or light angle connection approxi- 
mates the truly flexible connection as illustrated in Fig. 
| (c). Since it is considered to be impractical to use pin 
or light angle connections in some buildings, other types 
of connection, such as the top plate and seat, must be 
used if a flexible connection is desired. For the purpose 
of this report, any connection which develops beam re- 
straint of less than 20% of the fixed-end moment, thereby 
permitting 80% or more of the beam rotation required 
for a theoretically flexible connection, will be called a 
flexible connection. 


4. ‘Rigid Connection” Defined 


A “rigid connection” theoretically requires full re- 
straint against relative retation of the beam and column 
as shown in Fig. 1 (a). This condition is impossible of 
complete realization in many practical cases, but can be 
rather closely approximated. Therefore, in this report, 
any connection which develops 90% or more of the full 
fixed-end moment, thereby permitting no more than 10% 
of the beam rotation required for a theoretically flexible 
connection, will be called a rigid connection. 


5. “Semirigid Connection” Defined 


In consideration of the two preceding definitions, 
the term “‘semirigid connection’”’ would refer to a connect- 
ion whose behavior lay between the extremes of ‘‘flexible”’ 
and “‘rigid.’”” The semirigid connection, therefore, is 
one capable of carrying from 20 to 90% of the full fixed- 
end moment, thereby perinitting from 80 to 10% of the 
beam rotation required for a theoretically flexible con- 
nection. Figure 1 (6) illustrates the action of a semi- 
rigid connection. 


6. “Per Cent Rigidity” Defined 

When used in this report, the term ‘“‘per cent rigidity”’ 
will mean the ratio of the moment developed by the con- 
nection with no column rotation, to the moment de- 


veloped by a fully rigid connection under the same con- 
ditions, times one hundred. 


7. “Beam-Line” Defined 


Figure 2 shows three typical graphs of the relation be- 
tween test moment applied at the connection and meas- 
ured relative rotation of the beam and column. On the 
Same graph is plotted a straight line whose equation is: 
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M = moment developed at the connection during 
test 
E = Young’s modulus 
I = moment of inertia of beam cross section 
/ = assumed length of span 
@ = angle of rotation in radians of the beam with 
respect to the column 
M, = fixed-end moment at the connection with 


zero rotation of the beam with respect to the 
column 


According to C. Batho,° the line of Equation 1 is the 
design requirement line for any single symmetrical 
loading of the beam if the columns do not rotate. If, for 
a particular connection, the moment-rotation curve 
crosses the line of Equation 1 at any point, without pre- 
vious failure the connection will be able to carry the de- 
sign load. In this report the graph of Equation 1 will 
be called the “‘design requirement line for the beam,”’ or, 
for brevity, “beam line.”” A more detailed explanation 
of the “‘beam line’ is given by Johnston and Deits.’ 


Ill. Design of Test Specimens 
8. Specifications 


In general, the A.W.S. Building Code was followed in 
the design of the test specimens. When assumptions 
were made, the conservative estimate was chosen. 


9. General Assumptions for All Specimens 


(a) Allowable Stresses. 
(1) Tensile stress in rolled sections = 20,000 psi. 
(2) Shear stress in welds = 13,700 psi. 
(3) Tensile stress in butt welds = 16,000 psi. 
(b) Length-depth ratio for beams = 15. 
(c) Uniform load on beams. 


10. Additional Assumptions for Semirigid Connections 


(a) The rigidity of the connection for use in designing 
the beam = 50%. 

(6) The rigidity of the connection for use in designing 
the connection = 75%. 

(c) Story height = 12 ft. 
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Fig. 3—Butt Weld Detail 


11. Method of Design of Semirigid Connections 


(a) A beam size was selected and the length-depth 
ratio of 15 then established the span automatically. 

(b) The lightest column section into which the beam 
could be framed was selected in order to place the con- 
nection at the greatest disadvantage. 

(c) The value of uniform load and the accompanying 
end shear on the beam for an assumed 50% rigidity of 
connection was calculated. (For detailed procedure 
see reference 2.) 

(d) Using the uniform load obtained in (c) the end 
moment for 75% rigidity and no column rotation was 
calculated. 

(e) The seat detail was designed to resist the shear by a 
standard procedure. 

(f) The weld joining the beam to the seat was designed 
to carry a thrust equal to the end moment from (d) 
divided by the depth of the beam. 


Table 1—Design Si 


and Values for Specimens 


(g) The top plate was designed to carry the sary< | 
as in (f), but at a stress of 16,000 psi. This stress wax 
used because the top plate was joined to the colyy, 
with an unreinforced full penetration butt w. 
which the allowable stress was only 16,000 psi 
penetration weld was obtained by the use of 
strip tacked in place before assembly of the t 

A detail of the butt weld is shown in Fig. 3. ky 
ment on the butt weld was eliminated since pilot t 
indicated that the extra weld metal might not h 

as effective in increasing strength as it was calcul:; 
be. 

(h) The fillet weld for the top plate was designed in { 
usual manner to resist the same force as in (f). 

(2) Table 1 lists the sizes of beam stubs, column sty! 
top plates, seat details and design shear and moment 
for each specimen, as well as moment arms for th 
loads. 

The procedure for the design of the top-plate details 
was the result of a series of pilot tests made on several 
different top plates. The tests, reported previously iy 
progress report by Johnston and Brandes, were simp 
tension tests in which load-deflection data were obtained 
From the elongation of these pilot plates, the rigidity oj 
joints in which they might be used could be estimated 
The unsatisfactory designs were eliminated and details 
were refined in this manner. 


12. Explanation of Rigidity Assumptions 


In the design of the semirigid specimens, the apparent 
discrepancies of rigidity assumptions in the designs of 
beams and connections may be explained as follows 

(a) The top-plate connections were expected from the 
pilot tests to develop a rigidity in the neighborhood of 
75%. However, if the beam were to be designed for a 
stress of 20,000 psi. assuming 75% rigidity of the cor 
nection, the beam would be working at 20,000 psi. only 
if the actual connection rigidity were 75%. A decrease 
of actual connection rigidity to 50% would overstress the 
beam at the center to 26,700 psi. and an increase of ri 
gidity to 100% would overstress the beam at the end t 


Sizes Of Design Design Moment 
Specimen Sol Shear Moment Arm 


Tee made of plates 
Tee made of plates 


6x3-1/2x5/8 - 
Tee made of plates 
Tee made of plates 


6x3-1/2x3/4 10 


18.2 


405 22.5 


7/8 7-1/2 x 7/8 x12 60.4 2070 28.5 
x 8-1/2 741/4x1 x12 60.4 2070 28.25 
1 12 WP 85 12 WF 65 8x8x1-10-1/2 x x 


3 x x 
6&3x 3/8x12 381 24.0 
8,0 

6&3x5/16x12 38.1 -- 

9 6&3 x5/16 x12 24.0 18.0 


connection, one side only 
connection, both sides 


WS = web connection, one side only 


WD = web connection, both sides 
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Table °—Actual Stress in Beam as Rigidity of the Connec- 
tion Varies 


Stress in Beam 
if Design Assumed 
50% Rigidity 
of Connection, 
Kips per Sq. in. 


Stress in Beam 
if Design Assumed 
75% Rigidity 
of Connection, 
per Sq. In. 


Rigi ity, S, Se 
10.0 0) 30 0 

33.3 6.7 25 5 

26.7 13.3 20 10 
20.0 20.0 15 15 

13.3 26.7 10 20 


tress developed at center of beam. 
§ tress developed at end of beam. 


Table 2 shows in columns 2 and 3 stresses 
developed at the center and end of the beam for different 
tual connection rigidities with a beam designed to work 
it 20,000 psi. with an assumed connection rigidity of 


75%: 

h) On the other hand, if the beam were to be designed 
assuming 50° rigidity of connection, then an actual con- 
nection rigidity from 50 to 100°) would neither over- 
stress the beam at the center nor at the end (see columns 

md 5 of Table 2). An actual connection rigidity of 
less than 50°% would overstress the beam at the center, 
but rigidities of less than 50° were not considered likely 
in a connection intended to be semirigid. Hence the 
beam was designed assuming a connection rigidity of 


50% 


26,7 


The connections were designed to develop 75% 
rigidity because the pilot tests indicated that the type of 
top plate under consideration would probably lead to a 
connection rigidity of at least 75%. Therefore the con- 
nection would be likely to develop a moment at the end 
greater than that calculated for an assumed 50% rigidity, 
and thereby bring about an early failure. Seventy-five 
per cent rigidity was therefore used to determine the 
maximum or design moment that the connection must 
resist. 


13. Method of Design of Flexible Connections 


(a) Beam size, column size and seat detail were de- 
termined in the same manner as for semirigid connec- 
tions. 

(6) The end shear on the beam was calculated from 
the uniform load required to stress the beam to 20,000 
psi. with zero end moment. 

(c) The 2'/,-in. length of '/,-in. fillet weld was used in 
accordance with standard practice as the equivalent of a 
'/q-in. rivet. 

(d) The top-plate detail was designed so that the wide 
portion of the plate and the butt weld would be working 
at a stress of 16,000 psi. and the fillet weld at 13,700 
psi. when the narrow portion of the plate was under 
32,000 psi. The narrow portion of the plate should then 
have been able to yield enough to provide flexibility 
without overstressing the welds. 


IV. Fabrication of Test Specimens 
14. Welding Operators 


_ The 17 specimens were made by four qualified welders. 
Each welder used slightly different technique, but the 
Sequence of welding was the same in all cases. Eleven 
specimens were made by the laboratory welder and four 
by a welder from a production shop working in the 
laboratory. Of the two remaining specimens, duplicates 
ol one of the laboratory specimens, one was made in a 
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large fabricating shop and the other in a small fabricating 
shop using their standard procedure. 


15. Materials 


The rolled sections and plates were bought under 
A.S.T.M. Specification A7-39 for building and bridge 
steel. The electrodes used were bought under A.S.T.M. 
Specification A233-40T. Only the top-plate material 
was checked for conformance with specifications. 


16. Welds 


All welds except butt welds larger than °/s in. were 
made with E 6010 electrode, and the butt welds larger 
than °/s in. were made with E 6020 electrode. As much 
as possible, all welds were made as they would be made 
in the shop or in the field. For field welds no electrodes 
larger than */;, in. were used. Diurect-current arc weld- 
ing was used in all cases with flat and horizontal posi- 
tions. 


V. Method of Test 


The requirements for building connections, in general, 
are twofold. The connection must be able to withstand 
the shear reaction, and it must also be able to withstand 
the actual moment developed at the column. The shear 
requirement may be checked by the application of load 
as close to the connection as possible, but the moment 
requirement is not so simple an item to check. The 
method for checking moment requirements used herein 
consists of plotting the moment-rotation curve for loads 
applied at the theoretical inflection point for 50% 
rigidity, and then noting how much farther the curve 
extends past the design requirement beam line. 


17. Arrangement of Tests 


The specimens were arranged for test as shown in 
Figs. 4 and 5. The connection was upside down im the 
testing machine because it was much more convenient 
for test purposes. 

For semirigid connections, the distance a was made 
such that design shear was developed when design 
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Fig. 4—Diagram of Apparatus for Tests 
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Fig. 5—Typical Test Setup 


moment on the connection was reached, i.e., the test 
support was placed at the theoretical point of inflection. 
For flexible connections, the distance @ was made some 
convenient value. It was noted that a change in distance 
a had little effect on the shape of the moment-rotation 
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curves. Figure 43 shows how smoothly the curve con- 
tinued after the distance a had been reduced. 


18. Measurements Taken 


(a) Ames dials were located as shown in Fig. 4 to 
measure the horizontal movement of the top and bottom 
flanges. These measurements could be used to check 
rotation measurements and to locate the center of rota- 
tion, but in actual performance the gages did not give the 
accuracy of measurement desired. 
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Fig. 14 (a)—Top Plate Alter Test 


Fig. 14 (b)—Test 1 After Failure Fig. 15—Test 2 After Failure 
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Fig. 16—Test 3 After Failure Fig. 17 (a)—Test 4 After Failure 


WELDING RESEARCH SUPPLEMENT 


ee 
152-s 
lige 


RCH 


Fig. 17 (b)—Fracture of Test 4 Top Plate 


(b) The rotation bars shown in Fig. 4 were used in 
conjunction with a portable bubble gage, or ‘level bar,”’ 
to measure the relative rotation of beam and column 
stubs. The portable bubble gage consisted of a level 
bubble mounted on a bar. The rear end of the bar 
carried two conical points and the forward end a 
micrometer adjustment for raising and lowering the end 
of the bar, and an Ames dial to indicate the amount of 
raising or lowering. In tests the gage was standardized 
on an immovable gage line, then placed on each rotation 
bar in turn. The micrometer adjustment was used to 
make the bubble level, and a reading of the Ames dial 
was taken. This process made it possible to get rotation 
values by simple division of the dial differences with an 
accuracy of +10 sec. The level ‘bar is shown in place 
for a reading in Fig. 5. 


Fig. 18—Strain Pattern on Tee 
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19. Application of Load 


In general, load was applied to the column stub in 
five increments up to the design load. Load was then 
removed and the permanent set measured. The spect- 
men was reloaded and five more increments taken up to 
twice the design load. The load was once more removed 
and permanent set measured. Ames dials were removed, 
the load was brought back to twice the design load and 
rotation readings were continued at increments until 
failure occurred. 

As the specimen was tested, observations of the 

strain lines’’ which formed as the mill scale chipped off 
were made. Whitewash was used to provide a con- 
trasting background so that the flaking of the mill scale 
could be more easily observed. The formation of 
“strain lines’ by flaking of the mill scale usually indi- 
cates stresses in the yield strength range in the region 
where the lines occur. 


VI. Results of Tests 
20. Tests 1, 2, 3,4 


The first four tests were intended to show the differ- 
ence in top-plate behavior for various sized beams. 
Details of specimens are shown in Figs. 6 to 9; graphs of 


— 


Fig. 19--Top-Plate Failure in Test 6 


the moment-rotation characteristics under test cond 
tions are shown in Figs. 10 to 13; and photographs of 
the different specimens after test are shown in Figs. 14 
to 17. The moments at which strain lines first appeared 
at various places in the specimen are listed in Table 3. 

(a) Test 1—At V = 34 kips, M = 757 kip-in., the 
top plate was pulled away from the beam flange by 
1/1, in. When the load was dropped to zero, the plate 
returned to its original position, hence it would seem 
that up to this point the bending in the top plate was 
not serious. 

At V = 58 kips, M = 1305 kip-in., the beam web 


153-s 


BE 
‘ 
4 
4 4 
+ 
| 
— 
be 
7 


Table 3—Behavior of Specimens During Test 


a Moments In Kip-Inches At Which Strain ‘‘nes Appeared 
vpe- " mum mum 
Wed or Flange Lower Top Flange Web Colum 4 
So Over eb Seat or Flange Of Beam Top Of Beam Colum At Aa _— 
Shear Tee Seat of Near Plate Under At Top omer Sheer Type Of Fat lure 
Failure Tee Beam Top Plate Top Plate Seat Plat kip-in. kips 
P 
1 6 oo 
one 1505 -- go2 -- -- -- 1720 76.4 Beam Web Buckle over 
. 86: 2110 o 2700 2190 2010 1380 -- -- -- 2930 127.4 Beam Web Buckle over se. 
32 
3240 -- 3240 2240 2740 -- -- -- 4090 123.0 Beam Web Buckle over seq: 
207 
4 070 5879 3800 as 5170 4830 4830 _ -- oo 6630 192.0 Top Plate Brittle F 


-- -~ 4840 -- -- -- 


-- -- 5960 173.0 Top Plate Britt) Fracture 
1430 (2560)° .. 2850 22808 143087 3360 118.0 Pullout Flange Mera) of 
3960 4240 se80 3110W Column at Top Plate 


153.0 


Column at Top Plata 


1 2740 an én cs ce 3450 1370 ais 3760 109.0 Column Web Metal Tore ou: 
11 1100 600 600 1186 59.5 T 
1s20** 117.0 Top Plate Teer 
1620 1260 2064 86.0 Top Plate Tear 
1360 90.5 
14 eo 
450 630 (630) -- -- 630 1233 68.5 Top Plate Tear 


Column Web Metal 


We=webd, F = flange brittle cracks 
** reloaded with shorter moment arm ns 


® fillet of angle rather than seat tee 


vertical leg of angle 


buckled over the support pedestals, so that stiffeners reduction of maximum moment was probably not great 


were put in before the test was continued. The later The strain patterns developed in the tee web wer 
buckling of the beam web over the seat at V = 76.4kips, particularly interesting, and a photograph of them is 
M = 1720 kip-in., may have been hastened by the shown in Fig. 18. The strain lines shown were} fairly 


earlier buckling over the support pedestals, but the typical for all the seat tees. 


Fig. 20 (a)—Top Plate at the Verge of Failure in Test 7 Fig. 20 (b)—Top Plate Failure of Test 7 
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Stiffeners for the beam web over the support pedestals 

were used from the beginning of the test for all the other 
semirigid connections. 
(b st 2.—At V = 77.5 kips, M = 1780 kip-in., a 
sing was heard which is usually a dependable sign of 
weld failure, but no failure was visible in this case. The 
rain lines in the lower flange of the beam at the edge 
of the seat tee which appeared at V = 95.0 kips, M = 
9/90 kip-in., were caused by local bending of the beam 
at that point. This local bending is clearly shown in 
Fig. 15. At V = 127 kips, M = 2930 kip-in., failure 
occurred by the buckling of the beam web over the seat 
ee. 
(c) Test 3—At V = 82.5 kips, M = 2740 kip-in., the 
top plate was 1/, in. away from the beam flange. The 
strain lines in the beam over the seat noted at V = 95.7 
kips, ! = 3240 kip-in., are shown in Fig. 16. At V = 
115.5 kips, M = 3840 kip-in., a ping was heard, but 
again no failure in the weld was visible. The sound may 
have been caused by adjustment taking place in the 
rollers rather than failure of the weld. At V = 120 kips, 
M = 4000 kip-in., the top plate was */; in. away from 
the beam flange. At V = 123 kips, M = 4090 kip-in., 
the beam web buckled over the west tee and the speci- 
men failed. 

(d) Test 4.—The strain lines noted for the lower flange 
of the beam at the edge of the tee at V = 150 kips, M = 
6170 kip-in., were caused by local bending of the beam 
about the edge of the tee. Examination of Fig. 17 (a) 
will show the extent of the local bending. At V = 150 
kips, M = 5170 kip-in., the top plate was '/,. in. away 
from the beam flange. 

The top plate failed suddenly with a brittle fracture 
at V = 192 kips, M = 6630 kip-in. The fracture sec- 
tion is shown in Fig. 17 (6). The rather coarse-grained 
character of the fracture surface and the lack of any 
necking down may be noted, also the fact that the 
fracture started at the end of the fillet return. Control 
tests of the plate material before the specimen was 
fabricated showed an elongation in 2 in. of 43%, a re- 
duction in area of 31% and an ultimate strength of 
63,000 psi., which should normally indicate a ‘‘ductile”’ 
steel. 


-- | 


c 


Sym. About 


| 


| 18 W85- 3-6" 
PPT 
7 
\ 


24° 


| 
Milled 


BEAM-COLUMN CONNECTIONS 


i Ik AN 
SymiAbout \ 
a” % 


ie wes-3"-6" 


| | 
| 
| 


| 


aw ST-ISW' 54-85" 
z 


\ 


\— Milled 
Fig. 22—Test 9 
21. Tests 6 and7 


Since Test 4 failed in the connection and was also the 
most difficult to fabricate, Tests 6 and 7 were made as 
duplicates of Test 4. In this manner, a check would be 
made on the reproducibility of results and the laboratory 
fabrication could be compared with commercial fabrica- 
tion. Specimen 6 was made in a large fabricator’s shop 
and Specimen 7 was made in a small fabricator’s shop, 
with Mr. Brandes present during the welding of one side 
of each specimen. Details of the specimens are shown 
in Fig. 9; the moment-rotation curves are shown in 
Fig. 13, together with the curve for Specimen 4; and 
photographs of the failures are shown in Figs. 19 and 
20. The observations of strain lines during test are 
noted as before in Table III. 

(a) Test 6.—Specimen 6 had top plates which were a 
little wider than the detail called for, thereby necessi- 
tating a reduction in size of the fillet weld return and a 
consequent increase in length of */, in. 

The top plate failed suddenly with a brittle fracture at 
V = 173 kips, M = 5960 kip-in. The failure, shown 
in Fig. 19, was similar to that for Specimen 4. Control 
tests of the plate material before fabrication showed an 
elongation in 2 in. of 55%, a reduction of area of 50% 
and an ultimate strength of 58,500 psi., which was again 
what would normally be called a ‘‘ductile’”’ steel. 

(b) Test 7—At V = 170 kips, M = 5860 kip-in., 
brittle cracks in the top plate appeared at the edge of 
the fillet weld return. Since the machine had already 
been stopped to take readings the photograph shown in 
Fig. 20 (a) was taken. The specimen was then loaded 
further until failure occurred at V = 174 kips, M = 
6000 kip-in., by tearing of the top plate. The first '/» in. 
of the test was similar to those of Tests 4 and 6, coarse 
grained with no necking down, but from there on the 
fracture showed distinct necking down. An examina- 
tion of Fig. 20 (b) will bear out these statements. 


22. Tests 5, 9, 10 
These specimens were designed to study the action of 


connections to the column flange. Details of specimens 
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Fig. 23—Test 10 
heavier but this would have spoiled the attempted com 
are shown in Figs. 21 to 23; graphs of the moment- parison. The effect of the lighter top plate was the sam 


rotation characteristics under test conditions are shown 45 if a slightly smaller length-depth ratio had been used 
in Figs. 24 to 26; and photographs of the failures are 1 design. 


shown in Figs. 27 to 29. The observations of strain lines The connection failed by tearing out the parent metal 
during test are noted as before in Table 3. Moments from the column flange at V = 118 kips, M = 3360 
quoted refer to moment on the connection, not at the kip-in. Figure 27 (a) shows how the outside part oi the 
column center line. flanges of the column was pulled out, while the portion 
(a) Test 5.—Specimen 5 was designed to compare the ear the web was torn. vee 
action of a flange connection with that of a web connec- (b) Test 9.—Specimen 9 had a seat tee similar to No. 4, 
tion. It was, therefore, made the same as Specimen 4 but a heavier top plate. At V = 60 kips; M = 109 
except that a seat angle was used in place of a tee. For kip-in., the top plates were '/s; in. away from the beam 


strict design procedure the top plate should have been flange. At V = 140 kips, W = 3960 kip-in., the column 
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Fig. 24—Moment-Rotation Curves for Test 5 Fig. 26—Moment-Rotation Curves for Test 10 
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Fig. 28—Failure in Test 9 
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flanges were pulled out of line by the top plate, and at 
V = 150 kips, M = 4240 kip-in., the parent metal near 
the web in the column flange began to tear. At V 
153 kips, MM = 4320 kip-in., maximum moment was 
reached and the tear of column metal increased. The 
photograph in Fig. 28 shows the test specimen at the 
junction of the top plate and column flange. 

(c) Test 10.—Specimen 10 was similar to Specimen 5 
except for heavier seat angles and top plates. A plate 
was added between the column flanges to prevent their 
being pulled out as in Test 5. 

At V = 151 kips, 17 = 4270 kip-in., failure occurred 
by the buckling of the column web behind the seat 
angle. Apparently the extra plates between the column 
flanges cured the cause of failure at the top plate and 
shifted the difficulty to the seat. 


23. Test 16 


Specimen 16 was designed after the behavior of Speci- 
mens 5, 9 and 10, had been observed. The top plate 
was not designed for connection to the column web, but 
was made wide enough to act as a stiffener for the column 
flanges in the same fashion as the extra plates in Speci- 
men 10, with the butt welds acting in shear for the beam 
connection. The design details are shown in Fig. 30; 
the moment-rotation curve is shown in Fig. 31; and the 
top-plate failure is shown in Fig. 32. Observations of 
strain lines during test are listed in Table 3. 

At V = 145 kips, WM = 4990 kip-in., a ping was heard. 
Later examination of the specimen showed that the butt 
weld had broken away from the column web at the end 
of a weld pass which the welder had carried around to 
the web in finishing off the pass. The crack was parallel 
to the column web and in no way interfered with the 
structural action of the butt weld to the flange. At 
V = 165 kips, M = 5690 kip-in., failure occurred by the 
tearing of the top plate at the edge of the fillet return. 
Figure 32 shows the tear on the left side of the top plate. 


24. Test 17 


At the corners of buildings, beams are frequently 
framed into one side only of the column web. Specimen 
17 was designed to simulate corner framing conditions. 
The design details are shown in Fig. 33; the moment- 
rotation curve in Fig. 34; and the general appearance of 
the specimen after test is shown in Fig. 35. Observa- 
tions of strain lines during test are noted in Table 3. 

The strain lines noted in the column web at the base 
of the seat tee for V = 40 kips, M = 1370 kip-in., later 
spread until they completely encircled the tee. At V 
109 kips, MM = 3760 kip-in., the top plate suddenly 


Fig. 29—Test 10 After Failure 
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Fig. 31—Moment-Rotation Curves for Test 16 
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Fig. 32—Top Plate of Test 16 After Failure 


pulled out half the thickness of the column web. Figure 
36 (a) shows this failure as it appeared after test, and 
Fig. 36 (6) shows the oxidized surface at each end of the 
fracture after the plate had been bent down throug: 90° 


25. Tests 11, 15, 13, 14 


A series of six specimens was made to determine 
whether or not a light top plate with a reduced or 
“throat’’ section would give a satisfactory flexible con- 
nection. Specimens 11 and 15 were web connections 
and Specimens 13 and 14 were flange connections 
Design details are shown in Figs. 37 to 40; moment- 
rotation curves are plotted in Figs. 41 to 44; anda 
photograph of a typical failure is shown im Fig. 45. 
Observations of strain lines during test are listed in 
Table 3. 

(a) Test 11.—Specimen 11 was intended to be a web 
connection similar to Specimen W-21 reported in refer- 
ence 7 but with a reduced section top plate. At V = 
59.3 kips, M = 1186 kip-in., a maximum load was 
reached and the top plate began to tear. The support 
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706 — $+ pedestals were moved in to reduce the moment arm so 
| that shear design requirements could be checked. This 
procedure was justifiable since the moment-rotation 

| ao curve indicated a connection rigidity which would pro- 

duce an inflection point closer to the column than the @ 
| distance used. The specimen was reloaded to V = 
\ | 117 kips, M = 1520 kip-in., at which load the tear in 
S000) top plate became serious, preventing further appli- 
4 cation of load. 
= | (b) Test 15.—Specimen 15 was a web connection with 
S 4000 , naan | a light 24-in. beam. At V = 52.5 kips, M = 1260 
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Fig. 36 (a)—Failure of Test 17 Fig. 36 (b)—Pipe in Column Web of Test 17 
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Fig. 42—-Moment-Rotation Curves for Test 15 
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Fig. 43—Moment-Rotation Curves for Test 13 
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Fig. 44—Moment-Rotation Curves for Test 14 


Fig. 45—Typical Failure of Flexible Top Plate 
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plates with reduced sections. At V = 85 kips, M = 
2020 kip-in., the top plate had pulled '/; in. away from 
the beam flange. The top plate tore at the end of the 
fillet weld return causing failure at V = 86 kips, M = 
2064 kip-in. 

(c) Test 13.—Specimen 13 was a flange connection with 
a heavy 18-in. beam. The beams used were heavily 
rusted, hence the observations of strain lines were prob- 
ably not as dependable as in the specimens with an intact 
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Fig. 49—Moment-Rotation Curves for Test 18 
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of mill scale. As much rust as possible was 


coaul 
refi | with a wire brush and blowtorch before fabri- 

At | = 60 kips, @ = 1080 kip-in., the support 
pedestals were moved in to give a shorter moment arm. 
The unloading and reloading curves are shown in Fig. 43. 
At | 90.5 kips, M = 1360 kip-in., the specimen 


faite d with a tear through the top plate at the end of the 
fllet-weld return. 
i!) Test 14.—Specimen 14 was a flange connection 
intended to be similar to Specimen W-9 reported in 
ference 7, but with a reduced section top plate. At 
68.5 kips, M = 1233 kip-in., the top plate failed 
by a tear at the end of the fillet weld return. 


2. Tests 12 and 18 


[he connections for Specimens 12 and 18 were nearly 
the same as for Specimen 11, but the specimens were 
made up as single-side connections similar to Specimen 

Design details are shown in Figs. 46 and 47, and 
the moment-rotation curves are shown in Figs. 48 and 49. 
Observations of behavior or during test are listed in 
Table 3. 

a) Test 12.—The column webs for Specimen 12 were 
unreimforced, hence they were pulled out of shape by 
the top plates at rather low loads. At V = 46.8 kips, 
M = 936 kip-in., the top plate pulled the parent metal 
out of the column web at its edges. This failure is 
shown in Fig. 50. In the moment-rotation curve, the 
normal beam rotation was increased by the bowing of 
the column web, as may be seen by comparing Figs. 48 
and 49. 

(b) Test 18.—Specimen 18 was similar to Specimen 12 
except for extra plates which stiffened the column webs 
at the top plates. Some other small differences were 
present because of the lack of identical materials. 

At V = 98.5 kips, M = 1580 kip-in., the top plate 
failed by tearing at the edge of the fillet weld return in 


the same fashion as shown in Fig. 45. As in Specimen 
10, the reinforcing plates on the column webs at the top 
plate showed the weakness of the column web at the 
seat, since the web buckled in and showed heavy strain 
lines around the tee. 


27. Typical Strain Patterns 


Figure 18 shows the strain lines which formed in the 
web of the seat tee for Specimen 1. These strain lines 
were typical of ones developed on seat tees. Figure 51 
shows the strain lines formed in the flange and web of 
the beam over the seat tee for Specimen 7. This was 
the usual form of strain lines over the seat tee. Figure 
52 (a) shows the strain lines formed in the flange and 
web of the beam over the seat angle of Specimen 14. 
Figure 52 (6) shows the strain patterns in the column 
web around the seat tee of a single-side connection, 
Specimen 17. 


VII. Conclusions 
28. Behavior of Test Specimens 


(a) Tests 1, 2, 3, 4.—All specimens of this group ex- 
cept No. 4 failed by buckling of the beam web over the 
seat tee. The development of such a failure should 
mean that the connection details at top and bottom of 
the beams had more strength than the beams were 
capable of developing, and might therefore be over- 
designed. 

The “brittle” fracture of the top plate of Specimen 4 
in metal which should normally have been ductile, was 
unexpected and was thought to be quite unusual. 
Possible explanations of the brittle fracture might be: 

(1) A triaxial tension state of stress may have been 
developed at the edge of the fillet return, though this 
could not very well have been true at the center of the 
top plate where the fracture was also brittle in character. 


Fig. 50—Failure of Test 12 
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Fig. 51—Strain Pattern on Beam Over Tee 
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Fig. 52 (a)—Typical Strain Pattern in Beam Over Angle 


(2) The welding process may have caused a brittle 
structure to be formed near the fillet weld, but again this 
does not explain the brittle fracture exhibited at the 
center of the top plate. Also, the size of the weld and 
the accompanying high heat input during welding make 
the formation of a brittle structure rather improbable. 

(3) A biaxial tension state of stress probably existed 
in the top plate along the fracture line. If the ‘“‘normally 
ductile steel’? had some peculiar characteristics which 
would make it behave in a brittle fashion under biaxial 
tension, then that characteristic would explain the failure 
observed. 

(4) A brittle crack was formed in the top plate at the 
end of the fillet weld return as discussed in either item 
(1) or (2). The cross-sectional area under tension was 
thereby reduced considerably. If the crack had been 
formed rather quickly, the remaining area could have 
been subjected to a sudden increase of stress as the test- 
ing machine recovered its elastic strain. This sudden 
increase of stress on the plate and the notch effect of the 
cracks might cause a brittle failure in a sufficiently 
notch-sensitive material. 

(b) Tests 6 and 7.—The failures of these two speci- 
mens were almost identical with that of No. 4, with brittle 
behavior in what should normally have been ductile 
material. The fracture of Specimen 7 was brittle near 
the weld and ductile in the center of the plate, perhaps 
because the loading was stopped about one-half hour 
while a picture was taken. 

(c) Tests 5, 9, 10.—The flange-connection specimens 
showed the weakness of light columns for two-way con- 
nections with heavy connection details. The pulling 
out of the parent metal in the center of the column flange 
may have been a direct result of the use of column sec- 
tions with light flanges. The use of columns with heavier 
flanges might prevent the type of failure observed. 

The restraint of the column flanges afforded by the 
interior reinforcing plates as in Specimen 10 was suffi- 
cient to prevent failure at the top plates, but showed the 
weakness of the light column web at the seat. The tests 
afforded no information concerning behavior of a speci- 
men in which the reinforcing plates between column 


flanges were top plates for beams framing into the column - 


web with moment on all four connections. 

The seat angle of Specimen 5 was less étiff than the 
tee of Specimen 9, as shown by the centér of rotation 
figures in Table 4. 

(d) Test 16—The behavior of the top plate in Speci- 
men 16 showed the possible usefulness of such a detail to 
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reinforce the column flanges in a four-way connection ° 
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and at the same time to act as top plate for 


ile ye 
connections. However, what this detail migh; iy 
plish in a four-way connection cannot be predicted from, 
the test. : 
(e) Test 17.—The reinforcing of the column we!) on the 


single-side connections of Specimen 17 would probahy) 
have been successful had the column web itself bx 

The frequency with which such a separated or 

column web might be expected to occur at a con 
in actual design is a matter outside the scope of thi 
port. 

(f) Tests 11, 15, 13, 14.—The top plates on thes: 
mens permitted ample rotation of the beams with y, 
spect to the columns, but appreciable rigiditic: 
developed. The rigidity at 2.00 X design load 
from 20 to 30% less than the rigidity at desig: 
Hence, though the connections were in the semirigid 
range at design load, at 2.00 X design load the 
considerably closer to the flexible range. 

Smaller values of rigidity and greater rotations could 
probably have been obtained with lighter and longer 
top plates. 

(g) Tests 12 and 18.—The flexible single-side conne 
tion of Specimen 12 showed that reinforcement of th 
column web at the top plate was required to prevent dis 
tortion and premature failure at that point. Specimen 
18 had reinforcing at the top plate, and therefore de- 
veloped a higher failure moment. 
distress around the seat tee which indicated that rein 


were 


Was 


were 


forcement of the column web might be desirable at that 


point also. 


Fig. 52 (b)—Strain Pattern in Column Web Around Tee 


There were signs of 


MARCH 


90 


¥ 
- 
lé 
- 
+ 
4 
1c 
le 
14 
‘ 
lé 
\ 
in 
met 
at 
ce 
aye 
ke % 


RCH 


Table 4—Summary Test of Results 


Maximum Ratio of Max- Design Maximum Ratio of Max- Approximate Center of 
Specimen Design Applied imum Applied Moment Applied imum Applied Rigidity at 1 hye in 
Shear Shear Shear to kip- Moment Moment to Of Dept 
n ‘ 2 
NO- ype kips kips Design Shear in. kip-in. Design Moment Design Line from Bottom 
| 3 4 5 e 7 8 9 10 
wp ~=s.16.8 76.4 4.18 405 1720 4.24 90 60 
> WD 36.6 127.4 3.48 840 2930 3.49 90 55 
WD $13 123.0 3.938 1045 4090 $.92 90 60 
wD 54.0 192.0 3.55 1860 6630 3.57 80 ss 
VD 54.0 173. 3.20 1860 5960 3.21 85 45 
" wD 54.0 174.0 3.22 1860 6000 3.23 80 60 
1.95 2070 3360 1.62 65 10 
g FD 60.4 153.0 2.53 2070 432 2.08 75 40 
10 FD 60.4 151.0 2.50 2070 4270 2.06 75 a6 
WD 54,0 165.0 3.05 1860 5690 3.06 80 50 
i7 WS §4.0 109.0 2.02 1860 3760 2.02 50 100 
11 WD 45.4 117.0 2.57 1520 35 10 
15 WD 38.1 86.0 2.26 ww 2064 ae 60 45 
13 FD 36.1 90.5 2.38 ate 1360 40 
14 FD 24.0 68.5 2.85 -- 1233 — 60 re) 
WS 45.4 46.8 1.03 936 20 
is ws 45.4 98.5 2.17 at 1580 on 35 80 
' WD = web conrection, both sides FD = flange connection, both sides 
iS = web comection, sinctle side FS = flange connection, single side 


29. Design Method 


a) The test results, in general, showed that the 
method of design of specimens gives figures which are 
reasonable. Moment-rotation behavior can be pre- 
dicted with fair accuracy, except for unusual failures. 

(b) The test results indicated that care in detailing the 
connection is essential for good results. 


30. Center of Rotation 


The figures given in Table 4 for center of rotation are 
not considered to be more accurate than +5%, but they 
do serve to give some idea of the relative behavior of 
different connections. 


31. Welds 


No failures in the welds occurred, hence it is believed 
that the tests represent tests of the structural action of 
the connections rather than of welder’s skill. 


99 


32. Summary 


The results of the tests are summarized in Table 4. 
Column 3 lists the values of shear for which the speci- 
mens were designed and column 4 shows the maximum 
shear applied to the connection. Since there were no 
connection failures by shear, the values in column 4 do 
not represent ultimate shear strength. Column 5 shows 
the ratio of applied shear to design shear. 

Column 6 lists the values of moment for which the 
specimens were designed, and column 7 shows the maxi- 
mum moments which the connections withstood during 
test. Column 8 gives the ratio of maximum applied 
moment to design moment and represents something 
akin to a factor of safety for the connection in moment. 

Column 9 lists the approximate rigidity of the con- 
nection as determined from the moment-rotation curves 
at the design requirement beam line. The values of per 
cent rigidity at 1.65 and 2.00 X design may be readily 


1944 


BEAM-COLUMN CONNECTIONS 


determined from the moment-rotation 
values are desired. 

Column 10 lists the location of the center of rotation 
of the beam for all but two specimens. The values for 
these two specimens were considered too undependable 
to quote. 

It should be noted that the moment arm for Specimen 
12 was necessarily large, hence the applied shear was 
low in proportion to the applied moment. However, 
the connection of Specimen 11 was almost identical with 
that of No. 12, which indicates that the connection was 
capable of carrying at least 2.57 X design shear. 

It seems fitting to interpolate a note of caution before 
closing this report. All of the tests reported herein were 
of beam stubs framing into one or two sides of a column, 
whereas in an actual building the connections would fre- 
quently be to three or four sides of the column. Since 
it was impossible to perform four-way tests with the avail- 
able testing machinery, the degree of correlation be- 
tween two-way and four-way connections is unknown. 
Application of these test results to building designs 
should, therefore, be made with caution 


curves if such 
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_Impact and Tensile Properties 
Pulsation Spot Welds 


By A. S. Gelman 


INGLE and multiple-spot welds made in 0.31- 
and 0.39-in. thick mild steel (0.16% C) by means 
of the pulsation technique were subjected to impact 
and tension tests. The type and dimensions of the 
specimens used in the impact test are shown in Figs. | 
and 2; the tensile test specimen is shown in Fig. 3. a 
Welding details are given in Table 1 where are also re- ; _ 


0.39 

= 
| 

! 
| 
1 


corded the Mesnager values (mkg./cm.*) obtained. | 1 4 
The results from the static tension tests on multiple- 
spot welds are listed in Table 2. No static tests were a iy 

carried out on single-spot welds 


* Abstract of an article by A. S. Gelman appearing in Avftog. Delo, 12 (A) —_— . timen 
1-7 (1941) Translated by M. A. Cordovi, Research Assistant, Welding Fig. 1 Single Spot Weld en Impact Specimen, Dimen 
Research Council sions in Inches 


Table 1—Impact Properties 


Number of 


Spot Welds in Thickness of Mesnager Valu 
Specimen * Plates, In. Location of Notch Welding Datat Mkg./Cm.? 
None 0.39 7.2-11.5 
One 0.39 Parallel to weld Q = 6600 Ib. 4.9 

N = 20 imp 
= (). 45 sec 
Fivet 0.39 Parallel to weld QV = 6600 Ib. 15.0; 4.0; 7.1 
N = 20 imp. 
t = 0.45 sec. 
Fivet 0.31 Parallel to weld QY = 1760 Ib. 2.8; 5.9 


Perpendicular to weld 6600 Ib. 


N = 20 imp. 
t = 0.45 sec. 
n=7 
Fivet 0.31 Perpendicular to weld Q = 1760 Ib $.4;17.3 
N = 7 imp 
T = 6.45 sec. 


t1—43 


* Specimens sandblasted on both surfaces before welding. The welding transformers used were 150 and 200 kva. , 
+ QO= electrode pressure; N = number of impulses; T = total welding time; ¢ = duration of one impulse; » = transforme: 
t Partly normalized 


Table 2—Static Tension Properties* 


Type of Tensile Stress, Elongation Reduction of | 
Specimen Psi. Area, t 


Multiple t-spott 47,920 11.7 36.4 
63,990 8.3 30.9 So Og+———— A 
53,200 8.0 
3.3 
l 


24.8 
65,980 


1 1.4 
Unwelded 66,800 2 60 


* For welding details see Table 1. 5.9 
+ Partly normalized. — 
t See Fig. 3 


The following conclusions are based on the tabulated re- 
sults and on additional observations made by the au- 


h Fig. 2—Multiple-Spot Weld Mesnager Impact Specimen 
thor: 


mensions in Inches 
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French-English Dictionary of Welding Terms 


Compiled by M. A. Cordovi, Research Assistant, Welding Research Council 


SOURCES: Journal de la Soudure, No. 8, pp. 3-26, 1940; Several Standard and Scientific French-English 
Dictionaries; Glossary of Technical Terms—The British Aluminum Company, Limited, London 


nen 


A 


acier, steel 
doux, mild (soft) steel 
dur, hard steel 
carburé, carbon steel 
inoxydable, stainless steel 
affinage du grain, grain refinement 
aluminium, aluminum 
alliage, alloy 
léger, light alloy 
allongement, elongation 
ame, core 
amiante, asbestos* 
appareil (A haute pression), 
high pressure ) 
argent, silver 
assemblage, joint, assembly, joint 
attaquer chimiquement, to etch 
azote, nitrogen 


apparatus 


B 


baguette, bar 
d’apport, filler rod 
-~ de soudure, welding rod 
bain de fusion, pool (of fused metal) 
bande, strip 
barre de tréfilage, wire bar 
biphasé, two-phase 
T bord, edge 
bouchon, plug, fuse 
bouteille d’acétyléne, acetylene cylinder 


~ brasure (soudure forte), soldering, brazing 
Y brider, to clamp, to fasten 
brique réfractaire, fire-brick (refractory) 
burin, chisel 
buse (or téte) du chalumeau, tip of torch 


Cc 


cadre, frame, framework 
calfait, caulking chisel 
2 caractéristiques méchaniques, mechanical 
properties 
casque (de soudeur), helmet 
casser, to break 
chaleur, heat 
chalumeau, torch, blowpipe 


U 


coupeur, cutting torch 
coupeur sous l’eau, underwater cut- 


ting torch 


soudeur, welding torch E 


chanfreiner, to bevel 
charge, load 


- utile, useful load 
— de rupture, breaking load 
chauffage préalable, preheating 
chemisage, sheathing 
cintrage, bending, refraction 


cisaille, shear 
conduite, pipe 


consommation, consumption 
constrainte de compression, compressive 


stress 
cordon, layer 
corniére, angle iron 


corrosion par points, pitting 


couche, bead 


couche d’oxyde, oxide film 
coude, bend, elbow, knee 


courant, current 


alternatif, alternating current 
polyphasé, multiphase current 


courbe, curve 


couler, to melt, to flow, to strain 
couler en sable, sand casting 


couper, to cut 


coup micrographique, 
couvre-joint, strap, splice 


cuivre, copper 


D 


décapage, cleaning, pickling 


déchet, scrap 
découper, to cut out 
défecteux, unsound 


dégager, to liberate, to develop 
dégraisser, to de-grease 


dépét, deposit 


diagramme charge-allongement, 


strain diagram 
dilatation, expansion 


disjoncteur, contact breaker, cut out 


ductilité, ductility 
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1. Specimens with single-spot welds, made by the 
pulsation technique, have a Mesnager (notch impact) 
value of 4.4 to 6.7 kgm./cm.* The corresponding value 
for specimens with five spot welds varied from 2.8 to 
17.3 mkg./cm.? and in several cases, it was found to be as 
high as 18.1 kgm./em.* 

2. Defects in the weld were responsible for the con- 
siderable scatter in values reported in Table | 

3. An increase in electrode pressure resulted, as a 
rule, in higher impact strength. 

4. Static strength and ductility were adversely af- 
fected by defects and porosity in the weld. 

5. In general, the impact test may be considered as a 
reliable criterion in judging the serviceability of spot- 
welded parts. 


durcissement structural, age hardening 
dureté, hardness 


échantillon, sample 
écrouissage, cold working 
effort alterné, alternating stress 
endroit de la soudure, location of weld 
entaille, notch 
éprouvette, test piece 
essai, test 
par corrosion, corrosion test 
de pliage, bend test 
d’endurance, fatigue test 
de résilience sur barreaux entaillés, 
notched bar impact test 
par martelage, hammer test 
a la traction, tensile test 
étain, tin 
étincelle, spark 
étirer, to draw 
étirer a froid, to cold draw 


F 


fer, iron 

fer plat, flat bar (iron 

fil d’apport, filler wir: 

fissure, crack 

flambage, buckling 

flamme de chauffe, heating flame 
oxydrique, oxy-hydrogen flame 
soudante, welding flame 

fléche, deflection, sag 

flexion, bending 

flexion de piéces chargées debout (flam- 

bage), buckling 

fluage, flow, creep 

fond, root 

fondant, melting 

fondre, to melt 

fonte, casting 
de fer, cast iron 

— blanche, white cast iron 

grise, gray cast iron 

forgeage, forging 

four, furnace 


micro-section 


stress 


i 
‘ 
| 
| 
q 
> 
ve 
ae 


fragilité, brittleness 
— & froid, cold shortness 
— chaud, hot shortness 
fréquence, frequency 


G 


glissement, slip 
grossissement du grain, grain growth 


L 


laiton, brass 

laminage a froid, cold rolling 
larget, plate 

lime, file 

limite d’écoulement, yield point 
limite d’endurance, endurance limit 
limite élastique, elastic limit 
lunettes, goggles 


M 


martelage, marteler, peening, to peen (to 
hammer) 

maturation, age hardening 

mélangeur, mixer, mixing chamber 

métal vierge, virgin metal 

meule a affuter, grinding wheel 

monophasé, single phase 

moulage, moulding, casting 


N 


non-ferreux, nonferrous 
norme, standard 


oxy-coupeuse (machine), gas cutting ma- 
chine 


P 


passe de fond, root layer 

pate a souder, flux 

pince d’alignement, suspension clamp 
planche, sheet 

plaque, plate 

pliage, bending 

point de congélation, freezing point 
point de fusion, fusion point 

point de rupture, breaking point 
pointer (pointage), to tack (tacking) 
poudre, powder 

poutre, beam 


COLLECTION OF SPECIMENS’ OF 
STAINLESS STEEL SUSPECTED OF 
HAVING SUFFERED STRESS COR- 
ROSION CRACKING IN SERVICE 


Subcommittee 2-d of the High Alloys 
Committee of the Welding Research 
Council of the Engineering Foundation is 
engaged in a study of the stress corrosion 
cracking of stainless steels.* As an aid in 
this investigation, the committee is anx- 
ious to secure specimens of stainless steel 
that are suspected of having suffered 
stress corrosion cracking in service, to- 


* See Scheil, M. A., Zmeskal, O., Waber, 
J., and Stockhausen, F., ‘First Report 
on Stress Corrosion Cracking of Stainless 
Steel in Chloride Solutions’? (Monthly 
Report), THe WELDING JOURNAL RE- 


EARCH SUPPLEMENT, VIII (10), 493-s to 
504-s. 


168-s 


R 


raccourcissement, shortening, contraction 
raffinage, refining 

rainure, groove 

rapport, ratio, proportion 

rayons-X, X-rays 

réchauffer, to re-heat 

recuire, to anneal 

redresser, to straighten 

repére, reference mark 

reprimer, to restrain 

reprise (de la soudure), (weld) seam 
résistance au cisaillement, shear strength 
résistance 4 la traction, tensile strength 
ressort, spring 

retassure, shrinkage cavity 

retour de flamme, flash back 

retrait, shrinkage 

revétement, sheathing 

rognure, scrap 

rompre, to break 

rupture, break, fracture 


saignre, to cut 
scaphandre, diving suit 
scaphandrier, diver 
sectionner, to cut 
ségrégation, coring 
séparer, to separate 
serre-joint, clamp 
solidifier, solidify 
sollicitation, stress (load) 
soudeuse automatique, automatic welding 
machine 
soudure, weld, solder 
— autogéne, autogenous welding 
— a Vlarc électrique, electric arc welding 
— aluminothermique, thermit welding 
— & la forge, forge welding 
— par résistance électrique, resistance 
welding 
— ala molette, seam welding 
— par bossages, projection welding 
— par étincelles, flash welding 
— par points, spot welding 
— par points en quinconce, staggered 
spot welding 
— par points alignés, straight line spot 
welding 


gether with detailed information on the 
conditions surrounding each application. 
Specimens may be forwarded directly to 
the Chairman of Subcommittee 2-d, Mr. 
M. A. Scheil, in care of the A. O. Smith 
Corporation, Milwaukee 1, Wis. 

With the specimens, as much as possible 
of the following information should be 
furnished: 

1. Composition of the steel. 


2. Nature of heat treatment prior to 
service. 

3. Form of material represented by 
specimen, e.g., plate, sheet, 

tube. 


4. Location of specimen in service 
relative to welds, liquid level, 
etc., preferably illustrated by 
sketch. 

Kind of weld, if any, and composi- 
tion of welding rod. 
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— horizontale, horizontal we} 
— verticale, vertical welding 
— en plafond, overhead weld 


— & gauche, left-hand (backh 
ing 


ing 


droite, right-hand (foreha 


clin, fillet weld 
recouvrement, lap weld 


— en bouchon, plug weld 
— bout a bout (or —A4 franc bord 
butt weld 


— bout a bout sans chanfrein, 
butt weld 


quare 


— en V, single-V weld 


— en V avec reprise 4 l’envers, sing) 


weld with reinforcement 

— en X, double-V weld 

— oblique, weld at an angle 

— longitudinale, longitudinal \ 

—_ d’apport, weld deposit 

— d’argent, silver solder 
soufflure, blowhole 
striction, necking, reduction of area 
strie, groove, scratch 


T 


tension, stress 


— de claquage, breakdown volt 


texture, structure, texture 

téle, sheet 

téle d’alliage, alloy sheet 

téle ondulée, corrugated sheet 

traction, tension 

traitement thermique, heat treatment 
— superficiel, surface treatment 

travailler, to work 

tremper, to quench, to harden 

trou d’homme, manhole 

tuyau, tube, pipe 


U 


usure, wear, abrasion 


Vv 


vieillissement, age hardening 
vieux metal, scrap 
vitesse, speed 


10. 
11. 


12. 


13. 


vitesse de fluage, creep rate 


Nature of chemical 
volved. 

Nature of process unit, e.g., evap 
rator, condenser, etc. 


proce in 


Chemical composition of liquid, 
or liquids, handled, including 
acidity or pH and minor con- 
stituents, especially halogen 


compounds, such as chlorides 
Maximum, minimum and average 
temperatures of operation 
Operating pressure or vacuum 
Magnitude and range of service 
stresses, if known, including 
information on any cyclic fatigue 
stresses and restrained thermal 
expansion stresses 
Length of time material was used 
before cracking occurred. 
Experience with other alloys 0 
same service. 
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Introduction 


HIS investigation was undertaken to gain a more 
thorough understanding of the numerous factors 
that affect the efficiency of multispot joints of 

aluminum alloys. It was evident from the outset that 
the type of joint pattern, the method of surface prepara- 
tion prior to welding, and the many variables involved 
in the spot welding process are factors which contribute 
to the effectiveness of the joint. A detailed breakdown 
of these factors was made in this investigation to de- 
termine the conditions for producing joints of maximum 
efficiency, since efficiency cannot be computed readily as 
in the case of riveted joints. Under controlled laboratory 
conditions, the ultimate in joint efficiency for D.-C. 
welding appears to have been attained, as indicated by 
the limiting values from the sheet efficiency tests. 

Test data and a description of the results are included 
in this report. These were not discussed in detail in the, 
“Paper on Spot Weld Joint Efficiency for Aluminum 
Allcys,” by C. W. Steward which was published in the 
October®1943 issue of THE WELDING JOURNAL and 
covered the important highlights of this investigation. 
Several developments in welding technique have oc- 
curred since and are presented in this report. 


Principal Results 


1. For D.-C. welding of the condenser discharge type, 
an average sheet stress of more than 58,000 psi. was con- 
sistently developed in 0.020, 0.040, and 0.064-in. 24ST 
Alclad sheet. The welding conditions and spot pattern 
determined from this study are shown in Table 1. 

2. For A.-C. welding, an average sheet stress of more 
than 60,000 psi. was consistently developed. Some 
typical values are shown in Table 8. 

3. Surface preparation of the material prior to spot 
welding affects the joint efficiency to a far greater extent 
than any other welding variable. Wire brushing has been 
found to be the ideal method, but the time of exposure of 
the cleaned material is critical. Best results were ob- 
tained when welding followed within 10 minutes after 
wire brushing. 

4. The corona surrounding the weld slug (for Alclad 
material) can advantageously be used to contribute 
strength to the weld. Under properly controlled condi- 
tions, the corona can add up to about 35% of the weld 
strength. High strength welds, free from fine internal 
cracks as shown by X-ray, were obtained in this manner. 
Joint efficiency is also influenced by the action of corona 
bonding. 

5. Increasing the unit spot strength in,a joint pattern 
increases efficiency, until a point is reached where de- 
formation of the joint tends to become excessive or where 
unsatisfactory welds begin to appear. 


sem Engineer, Curtiss-Wright Corp., Research Laboratory, Buffalo. 


t Head, Metal Fabrication Section, Curtiss-Wright Corp., Research Labora- 
tory, Buffalo, N. Y. 
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6. Chemical cleaning of material limits joint ef. 
ciency. The average maximum stress developed in this 
study was 53,400 psi., using a newly mixed solution of 
chemical cleaner. The degree of contamination of thy 
cleaning solutions was found to affect joint efficiency, jn 
addition to causing frequent weld expulsions and lower 
spot strength. 

7. When welding follows within 10 minutes after wir. 
brushing, current wave form has practically no effect on 
joint efficiency. 

8. The application of a forging pressure to the weld, 
while improving the quality of the weld, has shown n 
significant advantages over a constant pressure cyck 
in so far as joint efficiency is concerned. Although forg 
ing tends to eliminate cracks and small cavities, such de 
fects have been found to have no effect on joint efficiency 
under static test conditions. 

9. Maximum joint efficiency developed was 1((), 
based on the actual ultimate tensile stress of the material 
These specimens failed by sheet tension one inch away 
from the outer row of welds and developed a sheet stress 
of about 58,000 psi. Necking of the sheets was ' 
for other specimens which developed high stresses but 
failed by sheet tension across the welds. 

10. Sheet tension failure is preferable to spot shear 
failure of the joint for maximum efficiency. Tensio 
failure occurs when the number of spots times its unit 
strength is at least 1.2 times the ultimate tensile stress o/ 
the sheet. 


ioted 


Welding Equipment 


All test specimens prepared in this investigation wer 
welded by a standard press type welder, No. P3-12-RA 
manufactured by the Federal Machine and Welder ( 
A flexible arrangement of transformer tap bars, located 
in the back of the machine, allows for variation i cur 


rent wave form for D.-C. welding. The primary circutt 
of the transformer consists of 10 coils at 39 tums each 
The tums ratio can be varied in multiples of 3), th 
minimum being 39 and the maximum 390. Ele 
pressure is read from a deflection dial gage, which meas 
ures the compression of the rubber cushions located 1! 
the head of the machine. Either a constant or « vat 
able pressure cycle can be used in welding. A muct 
switch initiates passage of the weld current only alter 4 
predetermined pressure has been reached. . 

The D.-C. Weld Power unit of the condenser disc harg 
type is manufactured by the Raytheon Manutfacturms 
Co., Spec. No. W-4508. This control provides tlic hig! 
welding currents of relatively short duration for |) 
welding. Up to two thicknesses of 0.081-in. 24ST A lad 
can be welded with this unit. The capacity of the cot 
densers can be varied in increments of 200 mid. m te 
range between 400 to 1800 mfd.; a charge of from ‘-°! 
to 3000 volts can be applied to the condensers. Electro 
control of the capacitor discharge and charging voltige 
typical of units of this type. 
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Fig. |View of Spot Welding Machine with A.-C. and D.-C, 


Control Units at Curtiss-Wright Research Laboratory 


The A.-C. control unit is manufactured by the General 
Electric Company, No. CR7503, and can be connected to 
the same welding machine as the one mentioned above 
by meats of transfer links located in a control box and on 


the welder itself. Any change from 
A.-C. to D.-C. welding can be accom- 
plished in afew minutes. Timing is by 
means of a program type chain in 
which each metallic pin is a '/2 cycle 
‘on’ period and each insulating pin is 
a '/, cycle “‘off”’ period. By means of 
flying contacts, a change in heat con- 
trol may be made automatically dur- 
ing welding. Post-heat or pre-heat of 
the weld, if desired, is also provided 
by this arrangement. The maximum 
welding current that can be produced 
at the electrodes is about 47,000 amp. 
All current readings were taken from 
an ammeter connected to a ring trans- 
former hooked to the welding circuit. 
Provision is made for the welding of 
low conductivity alloys, such as steel, 
by connecting an auto transformer in 
series with the weld unit, permitting 
finer control of current at low values. 


tests. 

_ All welding equipment is contained 
in the Metal Fabrication Section of the 
Research Laboratory, Airplane Divi- 
sion, Curtiss-Wright Corporation, Buf- 
falo, N. Y. 


Test Procedure 


An investigation of this type made it 
desirable to study one variable at a 
time while maintaining other factors 
constant wherever possible. In this 
manner, the relative merits of that 
variable were evaluated before pro- 
ceeding to the next variable. Obser- 
vations were made on sheet separation, 
jomt distortion, cleaning technique, 
and other phenomena which occurred 
during the course of preparing and 
testing the specimens. Most of the 
tests were conducted on 0.040-in. 24ST 
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Alclad sheet and the results later incorporated into the 
0.020 and 0.064-in. thicknesses. Both top and bottom 
electrode tips were of the same contour throughout the 
tests. Mallory No. 3 dome-shaped tips of 3 im. radius 
were used. 

Wire brushing technique of surface preparation con- 
sisted first of precleaning the sheets by a standard chemi- 
cal etchant used in spot welding of alummum alloys. 
This procedure removes the heavy oxide film and facili 
tates the brushing operation. Brushing was accom 
plished with a 2'/s-in. diameter rotary hand brush with 
0.005-in. bristles. The variable speed of the brush, 
which was driven by compressed air, was regulated by 
adjusting the air inlet valve until it would not revolve 
when too much pressure was exerted on the work 
Buffing technique was very light and a fine silk-like 
finish was noted on the surface. Welding followed within 
10 minutes after brushing, except as noted. 

A spot pattern was selected as a standard for control 
purposes upon which all test results were based. This 
pattern is shown in Table 1 and was made 1/2 in. wide 
for 0.040-in. sheet for convenience in testing. Tests were 
made also on 3'/2-inch wide specimens which indicated a 
strength loss due to width effect and to unequal stress 
distribution in the joint. The stress developed averaged 


Table 1—Data on Welding Conditions and Spot Pattern 


24ST Alclad Sheet 


00 off 
2 4 
~040" OO 
2 
Standard 000 
Pattern 100 0 
OR 
| 
.020" ¢ ,040" 
Ult. Sheet Load 
Load Act Stress, Joint per 
t No Lb. tp Psi Eff.* Spot Remarks 
l 1990 0.0212 62,500 98.8 220 P = 600 Ib. Kv. 1.40, 400 
2 1750 0.0202 57,700 91.3 195 mfd urns 195, Tips 1'/¢; 
0.020 3 1890 0.0206 61,100 06.6 210 in. R. Sciaky Etch, W.B 
is 1630 0.0209 52,000 82.2 180 Welded within 10 min 
5 1790) =57,900 91.5 200 230 Ib. per spot 
Aver 1810 58,200 92.1 200 
l 3560 0.040 59,300 92.4 395 P = 1200 lb. Kv. 1.55, 800 
2 3520 =0.040 58,700 91.5 390 mfd. Turns 195, Tips 3 in 
0.040 8 3520 0.040 58,700 91.5 390 R Sciaky Etch, W.B 
4 3580 0.040 59,700 93.1 400 Welded within 10 min 
5 3560 0.041 57,900 90.1 395 630 Ib. per spot 
Aver. 3550 58,900 91.8 3895 
1+ 8450 8 0.063 60,100 92.5 940 P = 1800 and 3600 Ib. Hold 
9 8130 0.0631 57,800 88.9 905 70, F.D. 400. Kv. 1.90, 
0.064 3 8210 0.0635 58,000 89.2 910 1800 mfd Turns 390, 
4+ 8130 0.0625 58,300 89.6 905 Tips 3 in. R. Sol. No. 14, 
5+ 8020 860.0621 58,000 89.2 890 W.B. Welded within 10 
min. 1500 Ib. per spot 
Aver. 8190 58,400 89.9 910 
* Based on 63,300 psi.—0.020 in. * Actual width = 2.23 in. 


64,200 
65,000 
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4).040 in 
4).064 in. 


psi. 
psi. 


** More curl in joint than other 4 spec 
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54,500 psi. compared with 58,900 psi. of the 1!/s-in. con- 


trol specimens, or a drop im efficiency of 6.9%. Page 
529-s of the October 1945 issue illustrates the design of 
the wide specimen. Except as noted in the tables, all 


specimens failed by sheet tension across the outer row ol 
spots, as illustrated in Fig. 2. Sheet tension failure 
usually started from an edge spot and progressed across 
the width of the sheet. However, simultaneous failure of 
the sheet occurred also, but no differences in the stress 
developed were noted. 

The correct placement of the spots im the pattern was 
aided by a special jig clamped to the lower electrode and 
insulated from the work. A graduated scale guided the 
work and all welds were made quickly and accurately. 
All specimens were tested in a 60,000-Ib. Baldwin South 
wark Testing Machine and loaded to failure in about one 
to two minutes. A slight misalignment of the specimen 
in the test jaws, due to the lap joint, was noted. The 
sheet stress and efficiency developed in the joimt were 
computed from the following relations 


P 


tpxw 


where P = ultimate load in pounds. 
ty thickness of sheet that failed. 
w = width of sheet. 


Note Shea 


where S, = ultimate tensile stress of the parent metal 
strip. 


9 Fig. 3--Fractures of Other Type Specimens 


in cases where spot shear failure occurred. 
In one instance the S, of several 0.040-in. sheet 
another batch averaged 57,900 psi. and several 
mens which developed stresses im excess of that 
failed by sheet tension about | inch away from tl 
row of welds. These joints can be regarded 
efficient, as shown in Fig. 3. All joint specim« \ 
aged a minimum of two days before testing. | 
, the merits of a given variable were deter 
from an average of 5 specimens. 


1 


The value S, was determined by testing |'/»s m. wide 
strips used in the test without any reduction in width 
between grips. From an average of 5 specimens, a loss 
of only 0.46%, in S, was noted from strips necked down 
to '/o in. wide. The values of S, for the various sheet 
thicknesses were as follows: 


65,500 psi. —0.020-in. sheet 
64,200 psi.—0.040-in. sheet 
65,000 psi.——0.064-in. sheet 


Cases 


Significance of Wire-Brushed Surface Preparation 


The wire brush method of surface prepat 
generally recognized as one that produces a low, 
contact resistance for spot welding. Various aut 
agree that welds of higher strength, free tro 
internal cracks, can be obtained from W.B 
than from chemically cleaned material. In this 
gation, it was found that jomts of maxttaum ec! 
cat be developed only from material employing tln 
of surface preparation. Certaim limitations are 1 
in its use, however, and are concerned chiefly w 
exposure time of the material after brushing. It 
added that surface preparation affects the jomt ef! 
to a far greater extent than any other welding 

One outstanding feature of W.B. welds is the ) 
of the Alelad ring at the faving surfaces immediat I 
rounding the weld nugget for 24ST Alclad 
Bonding may be termed good, partial, or negligi! 
pending upon certaim conditions. A positive meats 
detecting the quality as well as the amount of ** 
bonding has yet to be devised, but its presenc« 
felt when comparing welds made within 10 mimut: 
W.B. with welds made within 16-hr. exposur 
W.B. material, maintaining identical welding co! 


Fig. 2—Typical Fractures of A.-C. and D -C. Welded Joints 
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700 |b. 
Exposure 10 min. 


Fig. 4 Two Welds Made Under Identical Conditions Except for Exposure Time of Cleaned Material 


11 1 
450 Ib. 450 |b 


Exposure 16 hr. 


Wire 


Brush Clean, 361 Turns Ratio, 0.040-In. 24ST Alclad. Note Corona Bonding 


When using a current of low magnitude and long dura- 
tion, the effect is even more pronounced. Figure 4 shows 
two welds of 361 turns ratio, made under identical condi- 
tions except for the exposure time. Microscopic examina- 
tion revealed no differences in gram structure and the 
general shape of the welds appeared to be about the 
same. It will be noted, however, that for the stronger 
weld the Alclad inclusions into the weld have the ap- 
nearance of being fused, while for the weaker weld the 
faving surfaces are somewhat separated at the edge of 
the weld slug. Upon fracture of the stronger specimen, 
i series of small ridges, like pin points, can be observed 
at the corona areas and appear to be of a slightly darker 
These are characteristic signs of good corona 
bonding. The surprising difference in strength—700 
lb, for the 10-min. specimen and 450 Ib. for the 16 hour 
gives a fair indication of the amount of 
strength (35%) that can be contributed by the corona 
ireas Of the weld. For a rapidly rising wave form a simi 
lar drop in spot strength, though not as great, occurs 
under these exposure conditions. 

rhe relation of corona bonding to joint efficiency is 
most significant. Herein lies the key to higher joimt 
eficiency as determined from this investigation, and 
whether joints of low or high strength are produced re- 


shade 


specimen 


It would be pertinent to describe the under 
lying causes of this phenomena, which have not been 
given sufficient attention in studies of spot weld struc- 
ture. 

Wire brushing has the ability to remove completely 
the oxide film from the aluminum surface, but since 
uminum has a high affinity for the omnipresent oxygen 
i the atmosphere, an oxide film begins to re-form at an 
ieredibly fast rate over the surface immediately after 
brushing. This film is believed to be of a high heat insu- 
lating nature. The film theoretically grows in thickness 
with further exposure and does not form evenly over the 
‘urface. Apparently the formation ceases when the en- 
tre bare aluminum surface is covered with this film 
When welding under these conditions, the heat developed 
lorms a slightly larger volume of nugget due to the in- 
creased resistance offered by the film. However, out at 
“ie corona area where the heat of welding is usually not 
‘s mtense as at the central region, the oxide film appar- 
ently acts as an insulator of heat and inhibits the bond- 
ig of the corona surfaces. When the material is prac- 
tically oxide free, that is, if welding follows within about 
0 min. after W.B., the heat of welding forms a smaller 
olume of nugget, but a surface breakdown occurs at the 
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corona areas which is sufficient to allow the heat to 
intimately fuse the corona surfaces. The conditions are 
exacting since the melting point of the cladding is higher 
than 24ST material. With increasing time of ex 
posure, a heavier film is formed and the amount of 
corona bonding decreases and becomes somewhat irregu 
lar. Its effect on unit spot strength and joint efficiency 
are shown on the curves in Figs. 5 and 6. The only way 
known thus far to derive the full benefits from corona 
bonding is to weld immediately after W.B., that is, 
within 10 min. It was noted that by etching the sheets 
prior to W.B., a finer surface was produced in conjunc 
tion with a light buffing technique. This fine surface was 
found to be conducive to better corona adhesion, while 
the presence of water between the faying surfaces during 
welding was undesirable. The exposure times mentioned 
above apply to both surfaces of the material but not 
in the case where the cleaned sheets are stacked in a pile. 

The action of good corona bonding in a multispot 
joint pattern is quite unique. In the first place, the 
corona surrounds the nugget and hence is always located 
at the extreme ends of any given overlap, which are the 
highest stressed points in a joint. Upon application of 
load, the corona absorbs part of the tension component 
present in single lap joints and at the same time acts as 
a stress reliever by also absorbing part of the shear load 
before it is transferred to the weld slug. Since the weak 
est portion of the weld is at the junction of the slug and 
parent metal, the corona distributes the load to adjacent 
regions and thus relieves the weakest portion of the weld 
from high stresses. It should be pointed out that the 
cast annealed structure of the slug is considerably weaker 
than the 24ST Alclad sheet. For certain types of joints 
with poor corona bonding, initial failure of the corona 
occurs, sometimes indicated by a snapping sound at 
about 80% of the ultimate load. Joints of this type 
are invariably lower in strength and are listed in Table 2. 

In contrast, single spot specimens with good corona 
bonding fracture simultaneously through the nugget 
and corona at the ultimate load, and failures are mostly 
of the clean shear rather than the button type. This 
indicates that the stiffness of both corona and nugget 
is the same. Such welds probably possess high resist 
ance to fatigue since the weak portion of the spot weld 
in fatigue is at the sharp reentrant angle formed by 
the two sheets joined at the weld button. It is also the 
weakest portion for joints in shear as mentioned above. 
The corona area, however, 1s seldom 100°, bonded even 
under the most ideal conditions. The shear stress de 
veloped can be computed when it 1s assumed that there 
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However, fine internal cracks and 
cavities have been found to 
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600 


It has been claimed that higher, 
rent would be necessary when weld); 
W.B. material, due to the low sy 


| effect on joint efficiency. 


resistance. If advantage is taken oj 
rona bonding to contribute strength 
the weld, then the value of current y 


500 


be less than that of chemically 
waterial for a given strength s) 
other words, under identical wel 


” 400 
A, 


300 


conditions, the single spot stre 
W.B. material is at least equal 1 


| 
{| in most cases greater than 


1 10 


100 1000 10000 chemically cleaned material. [t wi 
also be noted that the W.] 


EXPOSURE TIME IN MINUTES smaller than the chemically 


Fig. 5--Loss in Spot Strength with Increasing Exposure Time of Wire Brushed Material. 


nugget. For example, using o: 


(0.040-In. 24ST Alclad, Both Surfaces) chemical cleaner the 0.040-in. 


strength was 400 Ib. with th: 
diameter in. With W.B 
welded under the same conditions, the spot strengt! 


Table 2—Data on Joints with Poor Corona Bonding. 540 Ib. and the nugget '/, in. in diameter. Thx 
0.040-In. Standard Pattern strength from the fused corona area can furt 
Sheet ‘Toint understood when it ts realized that this relative) 
Stress, Efficiency area is located in the plane of shear. The abo 
Surface Preparation Psi / ments on W.B. welds apply, of course, to th 
Chemically cleaned 50,400 78.5 within 10 minutes after brushing. Such weld 
Steel wool 8.5 been observed to be almost perfectly rou 
Wire brush, bare 24S1 99,300 $1.3 
Wire brush, exposed 16 hr 17,300 73.6 shape. 


Wire brush, unexpose d | good 


bonding 58,900 


* Based on 64,200 psi.—24ST Alclad 
68,000 psi.—bare 2481 


Further evidence of the importance of corona | 
to joint efficiency was indicated when tests wer 
the exposure time of W.B. material. Since coro 
ing will be poor for exposed material, the lower wu 
strengths obtained will not be comparable to th: 
strengths used for non-exposed material when t! 
current is the same. Two variables will be introd: 


is no corona bonding for the 450-lb. weld mentioned the test, namely, that of exposure time and unit 


previously and good bonding for the 700-Ib. weld. Since strength. Accordingly, for the exposed materi 
the corona and nugget diameters were '/,, in. and °/3. current was boosted until the unit spot strengt 
in. respectively for both these welds, the effective shear about the same as that for ‘10 min.’ materi 
stress will be 8200 psi. for the corona and 23,600 psi. for amount of corona bonding apparently increase 

the nugget. If corona bonding were 100°; complete, the due to the higher heat of welding. The results on | 


shear stress would be 9500 psi., the 
same as that of pure aluminum. 
The point at which fine internal 
cracks, as shown by X-ray, begin to 
occur also depends upon the action 
of the corona. With good corona 
adhesion, cracks begin to appear at 
about 650 Ib. per spot for 0.040-in. 
sheet using direct current and about 
725 Ib. per spot using alternating 
current. The latter type of weld 
possesses a relatively larger corona 
and is dependent upon it for a large 
part of its strength. With poor co- 
rona adhesion, cracks can occur at 
various strengths below those values, 
depending upon the exposure time 
of the W.B. material and the wave 
form. The strength for these 
cracked welds usually corresponds 
to that obtained when the value of 
current is the same as that used for 
welding material exposed only 10 
minutes. Chemically cleaned speci- 
mens show internal cracks at 550 
lb. per spot strength and corona 
bonding is at best only partial and 
depends on the type of solution used. 
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Fig. 6—Joint Efficiency Loss with Increasing Exposure Time of Wire Brushed Materia! 
(0.040-In. 24ST Alclad, Both Surfaces) 
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ww that a considerable drop in 


umed that joint efficiency will be Ss 


issu 


oint efticiency still occurred under 66 é 
these ditions. — 
In the following discussion, empha- oP) t} O : 
sis will be placed upon the corona as 64 UI] = 
integral part of the weld. It 1s 


ron: be mding. 


A 


flected according to the amount of > 62 | ] 
| 


Tests on Sheet Efficiency, Spot 


Spacing, Joint Patterns PE 


general character and method of load 
ing of the test specimens are illus 
trated in Figs. 7 and 8. 

[he sheet efficiency tests served to 
indicate the maximum strength of the 
sheet when weakened by the pres- 
ence of a number of welds across the width of the sheet. 
It is apparent that the greater number of welds through 
loser spacing will correspondingly lower the tensile 
stress of the sheet. Wider spacing of welds, on the other 
hand, may not permit a sufficient number of welds in a 
joint to cause sheet tension failure. The results of 
varied spot spacing on sheet strength are illustrated 
graphically on the curves shown in Fig. 7. The speci- 
mens were 1!/s in. wide with the ‘‘scab”’ sheets attached 
by one to six welds, as the case may be, according to the 
spacing desired. The edge distance then would be one 
half the spot spacing, as indicated by the sketches. 


Table 3—Data on High Spot Strength in Exposed W.B. 


Material. 0.040-In. Standard Pattern 
Current, Sheet Joint 
sure Spot Amp Stress, Efficiency, 
Strength (A.C Psi. 
Min 700 Ib. 21,800 59,400 Qg? 
700 Ib. 24,600 53,500 83.4 


It should be noted that the welds are not subjected to 
iy shear or tension component of load, as would be the 
case of single lap joints. However, the test furnished a 
quantitative indication of the maximum efficiency that 
can be developed across a row of welds, and hence, in the 
uter row of a joint when sheet tension failure occurs. 
lt is interesting to note that the 0.040-in. A.-C. test 
indicated a substantial increase in sheet efficiency over 
the D.-C. due to a smaller weld nugget and good bonding 
ol the corona areas. The fact that the sheet failed one 
ich away from the welds for some specimens, as shown 
in Fig. 3, points to the possibility of obtaining 100°; 
etheient joints with A.-C. welding. The method of sur- 
lace preparation apparently has some effect on sheet 
eliciency. Although no tests have been conducted, it 
is believed that for the same strength spot, higher sheet 
eiicienecy will be obtained for wire-brushed material 
than for chemically cleaned material, because of the 
relatively smaller weld nugget. 
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Fig. 7—Results of Sheet 


SPOT WELD JOINT EFFICIENCY 


2 6R 

Phe most efficient joimt pattern for | 
spot welding was determined by a & 
series of empirical tests designed to W 56 OOOO - 
indicate the optimum distances be- Ab sit 
tween spots in both transverse and 
longitudinal directions of the joint. SL ; 
These tests were conducted for three | 4 = 1/6 
thicknesses of sheet, 0.020, 0.040, and | 
().064 in., and consisted of two types 52 
for each thickness; namely, sheet 
efficiency and spot spacing tests. The 


Efficiency Test. U.T.S. of Parent Metal: 
3.3 psi. 0.0. In 
64 4 


The spot spacing tests consisted of three spots in line 
placed centrally on a sufficient width of sheet so that 
fracture of the specimen its through spot failure rather 
than sheet tension. It is apparent that close spot spacing 
will result in a strength loss due to shunting of the weld 
current by the adjacent spot and to the effect of length 
of overlap. The results of these tests are plotted in Fig 
8. It was found that for 0.020-in. and 0.040-in. sheet, 
practically no shunting of current occurred for spacings 

, in. or over, while for 0.064-in. the spacing was ' 
in. or over. Greater strength is indicated when spot 
spacing, and hence overlap, 1s increased. Since overlap 
length may have some bearing on joint efficiency, tests on 
a number of joints with varying overlaps were conducted. 
The results are shown in Fig. 9 and indicate no substantial 
increase in joint efficiency for the overlaps investigated 
As a matter of side interest, 1, 2, 5 and 4 spots were 
placed in line on a 1'/9-1n. width of 0.040 sheet to deter 
mine the strength loss per spot resulting from such an 
arrangement, which is shown in Fig. 10. All specimens 
failed through the spots and the strength loss was found 
to be almost negligible when there was a sufficient width of 
sheet to transfer the applied loads. 

The correlation of sheet efficiency and spot spacing 
tests resulted in the determination of the optimum joint 
pattern for spot welding. For 0.020 and 0.040-1n. sheet 
the optimum spot spacing across the width of the sheet 
(transversely) appeared to be '/» in. as indicated by the 
sheet efficiency curves. A smaller spacing will result in 
sheet efficiency loss and a wider spacing will require the 
use of fewer spots of higher strength. In the longitudinal 
direction, spot spacing again appeared to be in. for 
0.020 and 0.040-in. sheet since, as stated 
was no current loss at this spacing and no efficiency 
loss for this overlap. The choice of 3 rows of spots, 
instead of 2 or 4, resulted from empirical tests which 
showed that in the 2-row joints the efficiency developed 
was 4.8%) lower than a 5-row joint although sheet tension 
failure occurred across the welds. In the 4-row joints, 


there 


abov 


practically no increase in efficiency over the 3-row was 
noted, although the peak value among 5 specimens was 
higher. In 


addition to the added bulkiness, there 
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tion. 
pared with the 3-row in Fig. 11. 


appeared to be a greater tendency toward joint distor- 
The results of 2-row and 4-row joint tests are com- 
The spot pattern for 
0.064-in. sheet was determined from similar considera 


tions and was found to be */, in. in both directions. 


It should be noted that sufficient strength must be 
provided by the welds in the joint pattern to cause sheet 
tension rather than spot shear failure, in order that 
Spot shear failure 


maximum efficiency be obtained. 


occurs when the total strength of the spots is low. 


borderline strength of individual welds where failure 
would sometimes occur by spot shear or sheet tension 
was found to be approximately 450 Ib. for 0.040-in. sheet, 


employing the 1'/s-in. wide standard type pattern. 


insure sheet tension failure, the number of spots times the 
unit strength should be slightly greater than the ulti- 
mate tensile stress of the sheet, in the order of 1.2 times 


or more. 

The arrangement of welds in a 
straight line in both transverse and 
longitudinal directions of the joint 
appears to develop as high effi- 
ciency, if not higher, than a staggered 
or other arrangement of welds. The 
staggered pattern, while probably 
reducing joint distortion to some 
extent, has so far shown no signi- 
ficant advantages and _ possibly 
requires more time for welding 
than a straight pattern. The ques- 
tion as to whether there is better 
stress distribution in a staggered 
pattern remains to be seen and 
some theories advanced indicate 
that it probably disturbs the flow 
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Fig. 8--Results of Spot Spacing Test 


of stresses along the joint 


patterns, such as placing 4 je 
spots ahead of the rows of weld 
are limited in efficiency as the high, 
stresses acting on those spots will 
cause an initial failure th.) see 


gresses along the width of th, 
Furthermore, sheet efficiency js ; 

affected to any great extent. whe 
spot spacing in the outer row js jp 
creased, especially for () 
0.064-in. sheets. Tests 

patterns indicated that wh: 
is a sufficient number 
three or more rows to cause s} 
tension failure, efficiency js 

seriously affected by the 
ment of welds. Rather, the metho 
of surface preparation apr 
play a more important role i: 
mining over-all joint strength 


Ol Spots y 


relative strengths of some of th 


patterns tried are shown in Fig 
Typical values of efficiency 
0.020, 0.040 and 0.064-i1 


joints are shown in Table | usin 


the pattern designed from « 
sions reached in this study 

be noted that the joint eflicie 
closely approaches the valu 
sheet efficiency determine: 
this test, and probably is an ind: 
tion of the maximum that cai 
developed under normal wel 
conditions. 


Chemically Cleaned Specimens 


In general, only slight differences in efficienc) 


noted among the specimens which were surface tr 


shown on 


The 


with chemical solutions. 
tion No. 14 cleaners (the latter developed by Ret 
Polytechnic Institute) were used when the s 
were in a newly mixed condition. re 
Table 4 for 0.040 and 0.020-in. sheet, « 
ploying the standard joint pattern. 
It was later indicated that the degree of cont 
tion of the solution resulting from its repeated usag: 


Sciaky, Diversey, and 


These results 


To the cause of a reduction in joint efficiency, in addition 


Diversey compared with 75.6% from material cl 


causing frequent spitting and inconsistent weld strengt! 
The test results showed that an efficiency of 83. 
obtained from material cleaned in a fresh soluti 


| 
0-Ot+> 
O O-O 4 
|9 O-o}# |O O-O}, 2g |O 0-0/8 
00 of | 000 
(Standard) 
56600 psi 55300 psi 56800 psi 55800 psi 56600 ¢ 
82.1% 86.1% 86.9% 82.1% 


Fig. 9—Effect of Overlap Length on Joint Efficiency 
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Fig. 10 


, somewhat contaminated solution 
{ Diversey, although its pH condi- 
tion was satisfactory.. The con- 
taminated solution had been in use 
for about one week under normal 
production conditions. The maxi- 
mum spot strength obtained was 
lb. with frequent spitting, 
while, in the non-contaminated 
solution, 520-Ib. spots could easily 
be obtained without any spitting. 
It was noted, however, that spitting 
did not appear to be the direct 
wuse of the reduction in efficiency. 
Failure of the joint would occur 
icross the outer row of no-spit welds 

frequently as across the other 
outer row of spit welds, when such 
ondition did exist in the joint. 
is probable that the degree of 
spitting may affect joint efficiency, 
mentioned above were 
and surface cracking 
noted. In the sheet effi- 
ciency tests some loss was due to 
spitting when the spots were placed 
too close to the edge of the sheet. 
Here failure started at the spit 
spot at the edge and progressed 
cross the width of the sheet. 

Sheet separation in the joint was 
more pronounced for chemically 
cleaned material than wire brushed 
matenal for an equivalent spot 
strength. This is partly due to the 


is those 
not severe, 
was not 


1a 


57500 psi(DC) 


59200 psi (AC) 
92.3% 


Fig. 11 
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Cc 


1,°2, 3 and 4 Spots in Line Specimens 


higher current used for chemically cleaned 
material, asmentioned previously. Whether 
or not sheet separation had any detri 
mental effect on joint efficiency not 
z been definitely determined. 

It appears that for any chemical means 
of surface preparation the average maxi 
Oo mum stress that can be developed in the 
joint reaches a limiting value of about 
53,400 psi., regardless of other variations 
in welding conditions. This may be at 


has 


Fig. 12—Efficiency of Spot-Welded Joints of Various Designs, 0.040-In. 24ST Alclad 
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Comparison of 2, 3, and 4 Row Joint Patterns 


SPOT WELD JOINT EFFICIENCY 


ie D tributed to the fact that, although chem 
4 tii cal cleaners remove the oxide film, 
it — another film of variable resistance 1s de 
posited in its place, which 1s sufficient to 
prevent intimate bonding of the corona 
areas of the weld. On the test with 
Solution No. 14 cleaner, a turns ratio of 39 
+ 35 34 < — 3+ - 

0000 OO00000 
O O O O O0000 0 
Oo 0 OO00000 

48600 psi 44900 psi 46100 ps 

75.6% 70% 71.8% 
46 o | 4084050 

FIO O O O O O O 
s\qo000000 0000 
059900000 0000 

O 

474,00 psi 

73.9% 

EZ 
C0000 00|~ ©000000 

62.8% 60200 psi 


was tried in an effort to produce a surface breakdown 
through the film at the corona areas. Apparently corona 


Table 4—Data on Chemically Cleaned Material 
0.020-In. and 0.040-In. Standard Pattern 


Sheet Joint 
Cleaner Stress, Efficiency, 

& T Psi % Remark 
Sciaky, 0.040 50,700 7TR.9 
Diversey, 0.040 53,400 83.1 
Diversey, 0.040 18,500 70.6 Contaminated Solutior 
Sol. 14, 0.040 50,400 78.5 195 Turns Ratio 
Sol. 14, 0.040 $8,800 76.0 39 Turns Rati 
Sciaky, 0.020 51,400 Ss] 
Sol. 14, 0.020 17,400 7 
Sciaky, 0.040 51,600 wt) 4 A.-C. Weld 
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fusion was not improved over that of 195 turns ratio, 
since the test results were approximately the same. 
This point will be discussed further. It was noted that 
for a given strength, welds of chemically cleaned material 
are larger in diameter than those of wire brushed ma- 
terial, due to only partial or negligible bonding of the 
corona area. Macrophotographs of these welds are 
shown in Fig. 13. 

Under carefully controlled conditions, better con 
sistency in spot strength has been shown for chemically 
cleaned material. Its time of exposure is not as critical 
as wire brushing and satisfactory welds can be made up 
to about 16 hr. of exposure after cleaning. If it is de- 
sired to chemically clean primary structural parts, it is 
believed that rigid process control over the chemical 
solutions must be exercised in production. A method of 
detecting the degree of contamination of the cleaning 
and etching solutions will aid toward this step. A pH 
acidity check has not proved to be entirely effective. 


Low vs. High Unit Spot Strength 


Tests were conducted on 0.040-in. sheet to determine 
any advantages that may be gained when low and high 
unit spot strengths are associated with a given joint 
pattern. The wire brush method of surface preparation 
was used, which allows a wide range of spot strengths 
that can be investigated without surface cracking or 
spitting. Since most of these tests were made inde- 
pendently and served as a check, some definite con- 
clusions can be drawn from this study. 

Higher unit spot strength in a joint pattern increases 
joint efficiency provided that curling, warpage and other 
distortions of the joint are held at a minimum. Other- 
wise, deformations of the joint, which result chiefly from 
the increased current necessary to produce high strength 
spots, will induce high internal stresses at the critical 
outer rows of welds when load is applied and may cause 
losses in efficiency. For example, a particularly unde- 
sirable type of distortion is one in which the sheets are 
inclined away from the shear plane as shown in Fig. 14. 
It can be seen easily how bending stresses are set up in the 
joint as the applied load straightens out the sheet. 
Within the limits of observations throughout these tests, 
it is estimated that a 6° loss in efficiency*could result if 
deformation 1s excessive. Many inconsistencies in test 
results were traced to this type of distortion, one 0.020-in. 
specimen in Table 1 showing a considerable drop in 
strength due to curling of the joint. The point at which 
deformation may be considered excessive was difficult 
to determine accurately. 
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Higher unit spot strength in connection with prope: 
control of deformation has also been found to i: 
the consistency of test results as well as permit thi 
to afford better resistance to adverse loading 
tions. These spots are correspondingly stron 
tension and can better absorb the cleavage load presen 
in single lap joints. The limiting value of hi 
strength for 0.040-in. sheet appears to be about 
above which the variables in welding conditi 
introduce complications tending to lower joint 
ciency and to cause unsatisfactory welds. Tabl 
Fig. 15 show the typical values of efficiencies ck 
in the standard control specimen with unit spot strengths 
of 400 to 830 Ib. 


Table 5—Data on Low and High Unit Spot Strength 
0.040-In. Standard Pattern 


Sheet Joint 
Spot Stress, Efficiency, Type of 
Strength Psi Fail 
100 55,000 85.7 Spot Shea: 
$50 57,000 (2 spot sh 
(3 sheet t 
550 57,200 89.2 Sheet Tr 
630 58,900 91.8 Sheet Tet 
720) 59,500 92 7 Sheet Ti 
730 59,600 92.8 Sheet Ten 
S30 57,000 88.9 Sheet Tet 
$7,300 73.6 Sheet Tet 
630* 50,700 78.9 Sheet Ten 


* Chemically cleaned stock. Others wire brushed 


It is to be noted that the welds discussed so far wer 
made within 10 minutes after wire brushing and 
sessed the full corona bonding effect. Under thes 
tions, it has been found that consistent spot strengt 
obtained from the range between 500 and 725 Ib., usu 
1200-lb. electrode force and 3-in. R. tips. Below ' 
500-Ib./spot strength, Alclad inclusions into the w 
often exceeded the allowable 20°; of the weld di 
and the formation of a nugget was quite irregular. | lus 
was obviously an indication of an unstable operating 
condition which eventually would lead to inconsiste! 
spot strength and poor quality welds. It was ob 
that welds with large Alclad inclusions (corona 
are weak in tension and a great many more than Ui 
computed number are required to cause failure actos 
the width of the sheet. 

In chemically cleaned material, a slight increase " 
joint efficiency was noted when the unit spot strengt 
was increased. Using one type cleaner, weld expulsios 
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Fig. 14--Undesirable Types of Joint Distortion 


occur at around 630 Ib. for 0.040-in. sheet. 
rhe strength range was limited, since spot shear failure 
will occur at values below 450 Ib./spot. As a result, only 
two spot strengths were investigated, but it is believed 
spot strengths higher than that mentioned will not 
efficiency appreciably. 


ran to 


} + 


ost jomt 


Variations in Current Wave Form 


In this phase of study, transformer turns ratios of 

9, 195, and 390 were investigated, which produced 

effects of a rapidly rising, an intermediate, and a slowly 

nt rising wave form respectively, when the condenser 
wity was held constant. The high turns ratio 


Table 6—Data on Current Wave Form, D.-C. Welds 
0.040-In. Standard Pattern 


4 t Condenser Sheet Joint 
Uls gt urns Capacity, Stress, Efficiency 
Ratio Mid Psi 
56,100 87.4 
195 56.700 RR 32 
300) SiN) 57,000 RQ R 
ush clean 


gthens the time of current application and gives, in 


In W.B. material subjected to exposure of, say 1 hours, a 
partial surface breakdown through the oxide film will occur 
at the corona area and some fusion will take rhis 
is indicated by the smaller drop in spot strength due to 
exposure for 39 turns as compared with 561 turns welds, 
as shown in Fig. 5. In the latter welds, more current 1s 
concentrated at the center where the molten metal begins 
to grow outward in size, with dissipation of heat at the 
corona areas. Corona bonding is poor for these welds 
due to the insulating nature of the oxide film. Jomt 
efficiency of exposed material is also influenced by the 
wave form, as shown in Fig. 6. All indications showed 
that the differences in efficiency were due to the varying 
amount of corona bonding in exposed W.B. material. 
Exposure time was least critical for 39 turns ratio welds 
and the efficiency loss was only 6°, between material 
welded within 10 min. and after 16-hr. exposure Phe 
loss increased to 14.3°; for 361 turns ratio welds. 

(ood consistency in results for all wave forms was 
obtained when welding followed within 10 min. after 
brushing. Beyond that period, corona bonding be- 
comes quite irregular and the weld strength is more or 
less erratic. For 361 turns ratio, the joint efficiency 
dropped to a low value, even lower than that of chemi- 


place 


cally cleaned material, but leveled off at 4-hr. exposure. 
The spot strength and efficiency values then remained 
consistent up to 40-hr. exposure. Apparently, corona 
bonding for these specimens was negligible and the good 
consistency was due to the strength of the nugget alone. 
For 195 turns ratio, the — s of efficiency were not con 
sistent for material that had been exposed 16 hr Chis 
was due to the erratic coron : bonding, but the average 
efficiency was higher than that of chemically cleaned 


material 

It was observed that a light thin ring often surrounded 
the corona at the faying surfaces for welds of 39 and 
195 turns ratio, for material that had been exposed 16 
hr. The fact that this ring can be easily wiped off with 
a rag indicates that it is a film formed over the surface 
during exposure. Apparently the heat of welding radi- 
ating outward forces aside this film which then collects 


eflect, a current of relatively low magnitude and long at a shght distance away from the corona. All welds 
luration, while in the low turns ratio, a current of high made within 10 min. after W.B. do not exhibit this ring 
lagnitude but of short duration is produced. The re- of film. For 39 turns ratio. spitting was found to occur 
sults of tests on current wave 
lorm on 0,040-in. sheet showed 
uly slight differences in joint 60 ] 
ehhciency as shown in Table 6 
id may well be due to experi aa | 
mental errors beyond control. It a 
is claimed, however, by some 
uthorities that in the long time oO 58 
welds, the heat-affected zone, 3 
went which may extend to the surface 4 
the metal, is weaker and less ' 
luctile than the original parent 
strc ture. 56 
sin? lacrophotographs of the welds 
” in this study are shown in Fig. = 
For 39 turns ratio, the weld 7) 
enetration is deeper at the peri 
Chis phery of the nugget than at the fe 5 | 
ing entr il region. This indicates ee 4 
that more current and heat are "a | 
rve oncentrated at the periphery of 
the weld rather than at the cen- 
the ler. Corona bonding is 
ss omplete or at least improved 22 An er 
these welds since, in addition 
the higher current density near UNIT SPOT STRENGTH - Lbs. 
g ugher peak tempera- 
Isions tures are reached during fusion. Fig. 15-—-Spot Setup Strength vs. Stress Developed in Join 
PRIL 1944 SPOT WELD JOINT EFFICIENCY 
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condition for 10-cycles timing applies to Wp but 
surface preparation only, using dome shaped ti, har 
qian 
the 
Table 7—Data on Effect of Current and Timing A. will 
Welds. 0.040-In. Standard Pattern thel 
Spot Sheet cl 
Strength, Current, Stress, Fi 
Lb. Timing Amp Psi shee 
700 2 cycles 23,000 59,200 le 
TOO 6 cycles 22,300 59,600 , 
700 8 cycles 21,800 59,400 
195 Turns 700 10 cycles 20,200 57,500 . tri 
Wire brush clean. wel 
nug 
The joints of 2-cycles timing failed by t y luce 
of the sheet through the center of the weld rathe; \.-4 
than around the periphery of the weld, as show that 
; in Fig. 3. This unusual type of failure, whic! Iti 
390Turns sheared off a portion of the weld at the same tin re 
is due to the weakening effects of cracks and test 
ties in addition to a certain amount of brittleness v4, ¢ 
in those welds. Surface cracks began to appear; S 
the welds at the outer row when an approxim = 
stress of 50,000 psi. was applied to the joint. T| mer 
Fig. 16—D.-C. Welds, 0.040In. 24ST Alclad, Wire Brushed. 620 Lb. Tacks gradually increased in size until they caus : 
per Spot, All Welds failure at the center of the weld, which the: : 
gressed along the width of the sheet. Thes - 
cracks, however, did not appear toreduce the stress JR 2“ 
frequently when welding material exposed 16 hr. but developed in the joint as shown by the values in Tabl M 
not on material exposed 10 min. This is a further indi- and consequently have no influence on joint efficiency = 
cation of the formation of a film during over-exposure The optimum value of A.-C. weld current flow in 
which adds to the contact surface resistance of the ().040-in. sheet appears to be a compromise between th: a 
material. extreme ranges of times investigated. Both the 6 mee 
Slight discrepancies in stress values are to be noted 8-cycles timing gave satisfactory welds free ‘rom nn sh 
in the tables for joints welded under nearly identical con- internal cracks as shown by X-ray, even when tli od 
ditions. The higher values are due to closer control of Strength was as high as 725 lb. As noted previously, . 
conditions accompanying refinement of welding tech- these high strength welds can only be obtained with ee 
nique. In the curves of Figs. 5 and 6 higher values of W.B. surface preparation and with welding following vit] 
spot strength and efficiency are indicated if welding within 10 min. after brushing. Consistently high pes: 
follows within a shorter period of time than 10 min. after Values of efficiency were obtained when this a — For 
brushing. This effect has been observed frequently. The Ws followed. The time of exposure of the W.B. mat re 
195 turns ratio appears to be the optimum setting for rial also affects the joint efficiency for A.-C. welding, cn 
0.040-in. sheet when using W.B. clean, from the stand- and appears to be less critical for the short time rat! E 
point of high efficiency values and excellent weld struc- than the long time welds, similar to D.-C. welding mr 
ture. In welds of 39 turns ratio, shrinkage cracks and 
cavities occurred frequently in addition to a greater wel 
tendency toward weld expulsions, electrode pickup, and A.-C. Welds duns 
surface flashing. In welds of 361 or 390 turns ratio, joint 
efficiency is seriously affected by over-exposure of the The average nugget and corona diameters of typ 
cleaned material. These latter wave forms may satis- A.-C. and D.-C. welds in 0.040-in. sheet are compared 
factorily be employed in a single row skin splices where below. Dome shaped tips of 3-in. R. were used throug Tab 
load per inch (unit stress) and not joint efficiency is the out, with 1200-Ib. electrode force for D.C. and (()()-lb 
primary factor. force for A.-C. welding. 
A study was conducted on A.-C. welded joints in 
which the timing of the weld current was varied from —— 
2 to 10 cycles. No appreciable differences in joint effi- Wire Brushed 700-Lb. Chemically Clean: 
ciency were indicated in the results shown in Table 7. Spot 510-Lb. Spot 
Some difference in weld structure was noted from the D.-C. Nugget®/s:-In. D.-C. Nugget®/ Ir 
macrophotographs shown in Fig. 17. The 700-Ib. short- 
time (2 cycle) weld was characterized by relatively deep A -C. Corona 17/,,-In. A © 
penetration into the sheet and by a large nugget and 
small corona. In contrast, the 10 cycle weld, which: 
required less current to produce the same strength 
spot, was characterized by a corona that was about . For W.B. welds, it will be noted that the A.-C. nugs 
twice the diameter of the nugget. The Alclad inclusions 5 smaller than the D.C. for the same strength 
into these welds appeared to be excessive and may be The larger A.C. fused corona area compensates 1 
cause for rejection of the weld. Difficulty was en- ‘Strength for its smaller nugget, assuming the sh = 1 
countered in obtaining consistent spot strength, since stress of both A.-C. and D.-C. nugget is the same. oe - 
these welds depend on corona bonding for a large part chemically cleaned welds, an analogous condition exis! =e 
of their strength. The somewhat unstable operating *A C.—8-cyclestiming. D.C.—195-turns ratio. 
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but the strength contributed by corona bonding is 
hardly significant. This is indicated by the same nugget 
diameter of W.B. and chemically cleaned material and 
the corresponding differences in spot strength, which 
will be due to corona bonding. Some strength, never- 
. js obtained from the corona areas for chemically 
| material. 

Some strength values of A.-C. joints of 0.040-in. 
heet are Shown in Table 8. It was noted that there was 
lesser tendency toward sheet separation and joint 
‘istortion than in D.-C. welding, due to the lower elec 
ie force and lower peak current typical of A.-C. 
The A.-C. specimens averaged slightly higher 
‘» eficiency than D.C., probably due to the smaller 
nugget and larger fused corona area which further re 
duces stress concentrations around the nugget. The 
\-C. sheet efficiency test discussed previously showed 
that 100°; sheet failures occurred at some spot spacings. 
it is therefore possible that still higher joint efficiencies 
ire obtainable than those of this test run. Subsequent 
not shown here) have resulted in a high value of 
(4,700 psi. or an efficiency of 96.7%, using another batch 
of sheet stock. Chemically cleaned A.-C. specimens 
compared favorably in joint efficiency with D.-C speci 

mens, as shown in Table 4. 
Characteristic of A.-C. joint failures are the half 
ns which first appear adjacent to the outer row of 
welds at a stress of approximately 45,000 psi. These 
become more pronounced under further stress until at 
fracture, which occurs tangent to the welds, a half 
circular indentation is formed in the sheet, as illustrated 
he photograph in Fig. 2. A probable explanation of 
this occurrence is that the alternating current flows 
through the material for a comparatively long period of 


tests 


in tne 


isheated to high temperatures. After cooling, this region 
apparently is in a partially heat treated state, and is 
modified in grain structure. When the sheet is sub- 
jected to high stresses, a sharp transition zone is formed 
with the unaffected metal and becomes visible as 
part of a concentric ring surrounding the weld. 
For short time welds (2 cycle) the ring is located 
about '/y-in. away from the periphery of the 
The transition zone gradually increases 
i size as morg heat is absorbed by the material 
until at 10-cyeles timing the ring forms about 

in. away from the weld periphery. On D.-C. 
welds no rings of this type can be observed at high 
sheet stresses. 


corona. 


Table 8—Data on A.-C. Welds. 
Pattern 


0.040-In. Standard 


Ult Sheet 

Act, Load, Stress, 
tr Lb. Psi. 

0.040 3710 61,900 
0.040 3610 60,200 
0.040 3530 58,900 91.8 
0.040 3720 62,000 96.6 
0.040 3520 58,700 91.5 

3620 60,300 94.0 


Joint 
Efficiency, 
oF 
96.4 
93.8 


Aver 
Welding Conditions 
P = 600 Ib., 23,500 amp 


liming Scycles, 3-In. R. tips. 
‘OO lb. per spot setup, W.B. clean. 


Welded within 10 min. after W.B. 


The A.-C. weld metal structure, as shown by a 
sodium hydroxide etch, varies in appearance 
according to the time of weld current flow. The 
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dark etch of 2-cycle welds indicates a pronounced pre 
cipitation of copper, suggesting the presence of a copper 
rich constituent in the structure, quite similar to D.-C. 
welds. With the etching period remaining the same, 
the 10-cycle welds showed a comparatively light etch, 
which probably indicates only a slight transition from 
parent to weld metal due to the lower value of current 
used. Details of the metallurgical properties of these 
welds can be found in spot weld literature. 


Tip Contour 


Several tests were conducted on 0.040 in. sheet to 
determine the effects of various shaped electrode tips 
on joint efficiency. The electrode force was held constant 
at 1200 Ib. and dome tips of 1'/s-, 3- and 6-in. radii were 
investigated. The results shown in Table 9 indicated 
that high values of efficiency were obtained when using 
3-in. R. tips, averaging 91.80) for 5 specimens. It should 
be pointed out however that the 1200-Ib. force was not 
the optimum that can be used in conjunction with the 
|*/s-in. or 6-in. R. tips. Some difficulty was experienced 
in obtaining 700 Ib. spots, although this strength was 
not used in the test. A high value of stress, (1,400 psi., 
was noted for one specimen using 1'/-in. R. tips. This 
points to the possibility of obtaining higher average 
values than those indicated if a check test were made. 
It is believed that any increase would not be consider 
ably over the values shown for 3-in. R. tips 


0.040-in. Standard Pattern 
Sheet 

rip Stress, 

T Radius Psi 

0.040 
0.040 
O40 
0.020 


Table [—Data on Tip Contour. 


57 600 
58,900 
55, 
58,200 
0,020 54.600 


Wire brush clean. 


Fig. 17—A.-C, Welds, 0,040-In. 24ST Alclad, Wire Brushed. 700 Lb. 


per Spot, All Welds 
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Some loss in efficiency was noted in the joints welded 
with 6-in. R. tips, apparently due to the larger heat- 
affected zone surrounding the weld as a result of the 
larger diameter nugget. On tests conducted on 0.020-in. 
sheet, it was found that a similar efficiency loss occurred 
when the radius contour was too large for the thickness 
of sheet. The results indicated that specimens welded 
with 3-in. R. tips lowered the efficiency 5.8°) from speci 
mens welded with |'/s-in. R. tips. 

For A.-C. welding, it was observed that in using 
l'/o-in. R. tips, only Alclad bonding was produced at 
the faying surfaces for 0.020-in. sheet even when the 
shear strength was 250 pounds per spot. The formation 
of a slug began to appear as current was increased to a 
noint where the shear strength reached 300 lb. This 
phenomenon, which was also noticed in 0.040-in. sheet at 
low values of current, was found to occur only in the 
wire brush method of surface preparation. A test of 
these corona welds with respect to joint efficiency showed 
that with a great number of them closely packed in a 
random pattern, joints of 100°, efficiency (stress de- 
veloped was 63,000 psi.) can be obtained in 0.020- 
in. sheet. This joint however was extremely weak in 
tension, or a combination of shear and tension, and 
peeled off easily when a cleavage load was applied. Its 
behavior is analogous to that of cemented joints, which 
possess great strength in the shear direction but are poor 
under cleavage conditions. 

The relatively large corona area on A.-C. welds can 
be decreased by using a smaller radius tip or by shorten- 
ing the time of weld current flow. Reduction of the 
size of the corona will probably lead to a more stable 
operating condition. 


Weld Pressure 


Tests were conducted on 0.040-in. sheet to determine 
the effects of weld pressure on joint efficiency. ATI vari- 
ables were held constant except for the electrode force, 
which was varied from 900 Ib. to 1500 Ib. On the first 
test run, the optimum force appeared to be 900 Ib. as 
shown by the higher values of efficiency on Table 10. 
The differences in average efficiency, however, were only 
slight among the specimens welded with 900, 1200 and 
1500-Ib. force. To check whether the results of the first 
test can be duplicated, an independent test was run at a 
later date for 900 and 1200-Ib. force. The results showed 
a 7.8°% drop in efficiency for the 900-Ib. force specimens, 
while practically no drop occurred for the 1200-Ib. force 
specimens. Better consistency in results was also noted 
when using 1200-Ib. tip force. 


Table 10—Data on Weld Pressure. 0.040-In. Standard 


Pattern 

rip Sheet Joint 
Force, Stress, Efficiency, 

Lbs. Psi 
900 59,100 92.1 
1200 58,900 91.8 
1500 57,100 
54, 100 $4.3 
1200* 58,400 91.0 
1200 & 
2600 56,600 88.1 
( forged 

welds) 


Wire brush clean 
* Check test 


Two specimens welded with 1500-lb. force failed by 
sheet tension one inch away from the welds, as shown in 
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Fig. 5, and the stresses developed were 58,7: 


57,700 psi. Apparently a few strips of weaker mat. 


rial had been inadvertently mixed with the strono, 
batch. Theoretically, these joints are 100°, | 
since failure occurred through the parent met 
efficiency was conservatively figured on a 
64,200 psi. for the parent metal. More joint distort; 
was noted for these specimens due to the highe: 
current used in connection with the high weld pressur, 
A brief attempt was made to determine the effect: 
the application of a forging pressure on the we! 
respect to joint efficiency. Unfortunately, oscillow 
equipment was not available at the time the test 
made, and records of the time of application oj 
pressure in relation to current peak could not bi 
With other conditions remaining identical, the 
strength was noted to be 650 Ib. with the “‘forg 
compared with 630 Ib. for the ‘‘no forge” setup. Thy 
results on Table 10 showed a slight decrease jy 
efficiency for the forged specimens when a tip fore: 
1200 and 2600 Ib. was used. It appeared that any be 
ficial effects of a forge pressure on the weld will ; 
considerable, in so far as joint efficiency is concerned, dy 
to the danger of permanent deformation of the metal }y 


the high compression load. There was also a greate: 


tendency toward sheet separation and joint distortio: 
with forge pressure. However, satisfactory results 


indicated when forge pressure was used on the 0.(4-in 


specimens shown in Table 1. 


Efficiency of Specimens Cut from 24-In. Pane! 


The high joint efficiencies obtained under laboratory 


setups are not believed attainable in productio: 
under ideal conditions, assuming that the wir 
method of surface preparation is used. Since p 
production are obviously larger than the standard s 
specimen used throughout this study, additional 
will be consumed in the welding as well as brushing oper 
tion. During this longer interval, the oxide film forn 


ing rapidly over the cleaned surface will be sufficient 


to prevent the ever significant bonding of the coro 
areas of the weld, resulting in a reduction in joint efi 
ciency and some inconsistency in spot strength. 

Table 11 shows the results of specimens saw cut 
Oliver Circular Saw) from a 0.040-in. W.B. pane! 
in. long and employing the standard arrangement 
welds, ‘/2-in. spacing in both directions. The wel 
and brushing operation each consumed 20 min., 
10 min. for the minimum possible time between 
brushing and the final spot made. This time int 
which included correct alignment of spots, tip cl 
etc., falls after the 10-min. critical exposure perio 
W.B. material as found in this investigation. It w 
observed that a faster rate of brushing was neces 
when using this type of etchant for pre-cleaning 


LO 


sheets. This resulted in a slightly rougher surface, whic! 


required a higher charging voltage to obtain the 
strength spot as a lightly buffed surface. Control sp 
mens 1|'/:-in. wide were prepared at the same ti 
and welded after 45 to 60-min. exposure of both 


faces, maintaining identical welding conditions. 1h 


results indicated that in these latter specimens, sli 
lower efficiencies were developed than those whic! 
saw cut from the panel. Evidently, the faying su: 
of the panel specimens were partially sealed fron 
posure to the atmosphere as the welds were being ! 
and the strength loss due to exposure was not as 
as that of the control specimens. Several singl 
specimens which were taken from various sections 


the panel exhibited varying strengths as follows: (0!) 
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-1 460, 660, 520, 660, 420 Ib.—average 610 Ib. These 
ines are to be compared with 650 Ib. per spot of the 
typ strength with 10-min. exposed material. The 
ne ter of both corona and nugget for all the welds 


etrength being in the amount of corona bonding. 


Table 11—Data on Specimens Cut from 24-In. Panel. 


0.040-In. Standard Pattern 


Joint 
Sheet Eth 
rype of Weld Surface Stress, ciency, 
men ing Preparation Psi / 
é D.-C Wire Brush 54,600 85.0 
D.-C Wire Brush 54,500 84.9 
wide 
trol-Exposed 
in D.-C. Wire Brush 51,800 80.6 
wick A.-C Wire Brush 51,5 
wid A.-€ Wire Brush 54,500 85.0 
wide 
Control-Exposed 
hr A.-C. Wire Brush 53,300 83.0 
wide D.-C. Chem. Clean 52,800 82.2 
3 D.-C Chem. Clean 51,800 a 6 
wide 
( rol 1).-€ Chem. Clean 53,400 


similar test conducted with the A.-C. weld unit 
licated practically the same results. The welding 
neration consumed a longer period of time than D.C. 
due to the frequency of tip cleanings. The total time 
elapsed between initial brushing and the final spot made 
yas about 1'/2 hr. Three control specimens were welded 
tween the interval when the panel was about one-half 
completed, to simulate the actual conditions existing on 
certain sections of the panel. No large difference in 
strength was noted, however, between the control 
specimens welded after one hour and 1'/, hr. of exposure. 
fhere was some variation in strength among the |'/»-1n. 
panel specimens which was largely due to the erratic 
honding of the corona at the critical outer rows of welds. 
Single spot specimens taken from various sections of the 
panel also varied in strength, averaging 520 Ib. The 
drop in spot strength from 670 to 520 Ib. was greater than 
1).-C. welding, since A.-C. wire brushed welds depend 
on corona bonding for a larger part of their strength. On 
100 and 660-Ib. welds taken from this panel, the pene 
tration, the nugget, and the corona diameters measured 
the same. Assuming that the difference in strength 1s in 
corona bonding (which was visually observed) 1t may 
H60—400 


be considered that x 


100 or 39° of the weld 
Strength can be contributed by the corona for A.-C. 
welds. Other single spot tests with exposed and un 
exposed material have also verified this approximation 

Further proof that exposure of W.B. material led to 
lower joint efficiency was indicated when another 24-in. 
panel was welded with direct current but surface treated 
with a fresh solution of Diversey chemical cleaner. The 
exposure time, which was one hr., has been observed not 
0 be critical from other tests. This was shown by the 
etter consistency of joints and single spot specimens 
taken from the panel. There were some inaccuracies in 
cutting and the edge distance for some panel specimens 
was less than '/, in. of the standard control pattern 
\s a result, a slight drop in efficiency was noted for the 
panel specimens. Curling of the completed panel was 
sight, in the neighborhood of '/2 in., in the 24-in. length. 
About the same amount of curl was noted for the D.-C. 
and the A.-C. W.B. panels mentioned above. 


mined was substantially the same, the differences 


It may be concluded from these panel tests that the 
joint efficiency of sample specimens used to simulate 
actual welding conditions of a production job will be the 
same provided that the exposure time of the cleaned ma 
terial (both surfaces, sheets not stacked) and other weld 
ing conditions remain the same. This applies particularly 
to wire brush surface preparation where the efliciency 
drops off considerably as exposure time of the cleaned 
material is increased. 


Conclusions 


The following conclusions may be drawn as the result 
of this study and the 
the tests 


1 


observations made throughout 


The bonding of the corona area of a Spotl we Id in 
Alclad material is chiefly affected by surface preparation, 
exposure time of the cleaned material, and current wave 
form. The bonding can be controlled and can be used 
to contribute considerable strength to the weld 

2: Joint efficiency is directly related to corona bond 
ing; high strength joimts can only be obtained when 
good corona bonding ts present in the welds 

3. The wire-brush method of surface preparation ts 
superior to ‘chemical clean” from the standpoint of joint 
efficiency and weld structure. The time of exposur 
after brushing must be carefully controlled, but in 
or double-row skin splices where load per inch 
joint efhiciency is the design consideration 
time may be regarded as not being critical 

1. The jomt pattern for various sheet thicknesses 
shown in Table | is believed to be the optimum pattern 
for spot welding. This pattern readily meets the prob 
lems of design, production economy and standardization. 

5. Chemically cleaned material may be used in skin 
splices where average eflici ney is desired A sheet stress 
of 40,000 psi. would be the recommended value to be 
used in design for 24ST Alclad material. 


single 
nd not 
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Suggestions for Further Research 


The following are recommendations for future work 
which will materially aid in the use of spot welding on 
primary structural parts of the airplane 

1. The 10-min. recommended period between wir 
brushing and welding would obviously be impractical 
in production. It is probable that some chemical solu 
tion applied over the surface after brushing will be « 
able of prolonging this interval. High efficiency joints 
can then be produced within a more reasonable period of 
time. 

2. A method of detecting the degree of contamination 
of the standard chemical cleaners used in spot 
of aluminum alloys would be desirable, since chemicall 
cleaned material shows a drop in joint efficiency as the 
solutions become contaminated. Frequent weld ex 
pulsions and lower spot strengths also result from con 
tamination. The conventional pH acidity test 
found to be inadequate. 

3. An accurate means of determining the amount 
and degree of corona bonding would be valuable t rd 
improving the quality of welds. The strength of welds 
can be increased considerably through corona bonding for 
Alclad material, without any saertfice in weld quality 
or the use of a special welding setup. Joint distortion 
and sheet separation will subsequently be reduced to a 
minimum. 

4. Fatigue tests should be conducted on multispot 
joints to establish the relationship between joint effi 
ciency and fatigue stress. It would also be of interest to 


Wii 
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investigate the effect of corona bonding with respect 
to fatigue strength of the weld. Work is now being 
planned along this line. 
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Welding Research and Development 
in the U.S.A. 


By H. W. G. Hignett, B.Sc., A.L.C. 


HE Welding Research Committee of the Founda- 

tion was organized in 1935 and is sponsored 

jointly by the AMERICAN WELDING Society and the 
American Institute of Electrical Engineers. In January 
of this year a reorganization was announced. The Ameri- 
cans pay us a high compliment by stating that their new 
scheme is patterned closely on that of our own Welding 
Research Council. Nevertheless, their new organization 
has several features of which we may profitably take 
heed. 

Although the Fundamental Research Division has dis- 
appeared, its functions are continued under the more ac- 
curately named ‘University Committee.’ This most 
important branch of the AMERICAN WELDING SOCIETY'S 
work has no counterpart in our organization. It has three 
aims, of which the first two already show obvious results, 
and the third promises to have a profound effect on the 
whole engineering industry of the U.S.A. In the first 
place, this Committee encourages University laboratories 
to undertake the investigation of welding problems. 
Then, as a direct result, professors of engineering and 
metallurgy have become keenly interested in the vast 
field for research presented by the welding industry. 
The third aim is fulfilled by the passing of this interest 
to students. Thus, a far-sighted policy, which we might 
do well to copy, is going to ensure that industry is sup- 
plied with young engineers and metallurgists who are 
welding conscious. 

In several respects the effects of the war on welding 
research in America differ essentially from what has 
occurred in this country. Our first task was to educate 
the Service Departments in the principles of welding 
practice, and to stimulate interest in the advantages to 
be gained from welded construction. Although the 
task is far from completed, our Institute need not feel 
ashamed of its contribution, in this direction alone, to 
our war effort. Nevertheless it is difficult to repress 
some feeling of envy for our opposite numbers in the 
U.S.A., where Army, Navy and Air Forces have been 
for years substantial contributors to welding research 
and development. The requirements of these Services 
now govern, directly or indirectly, the research activities 
of the country and, through such bodies as the War 
Metallurgy Committee, most of the more fundamental 


projects are guided on lines approved by their technical © 


staffs. 

A good example of the mass of data on a particular 
subject which is produced by the American investigators 
and which cannot easily be absorbed or digested by 
anyone who has not been in touch with the research from 
its beginning, is given by papers recently published on 
the weldability of steel. 

It will be remembered that two main lines of attack 
have been proposed by members of the AMERICAN WELD- 
ING SociETY, both based on rate of cooling. The first, which 
may be called the ‘‘direct’’ method consists, on the one 


* Abstract of a paper presented at a meeting of the Institute of Welding in 
London, May 26, 1943. 
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hand, in determining both mathematically and 
periment, the cooling rates corresponding to differen: 
welding conditions, and on the other, in exploring thy 
effects of rate of cooling on the structure and proper 
of various steels, the ultimate objective being a 


of predicting weldability from fundamental metallurgic,| Gern 
data. The second, “indirect,’’ method is that 
gested by Kinzel, in which the rate of cooling is meas the « 
ured by hardness. Thus, for a given steel, the heat uO! 

affected zone hardnesses are determined for prow 
welding conditions and are related to the diameter USE I 
bar in drastic quenching or the point on the Jominy ba: It 
which gives similar hardnesses. In parallel, unles 
mined for various steels, the mechanical properties «: posit 


particularly, ductility of test-pieces heat-treated t: 
nesses corresponding to various “‘equivalent b 
ameters’’ or points on the Jominy specimen. 

Kinzel’s scheme is a logical outcome of the int: 
study which has been given by the American ste 
dustry to hardenability testing, and provides a 
lurgical example of American ingenuity in applying | 
date tools to a production problem. The ‘‘direct 
proach, on the other hand, is more in line with Brit 
methods, exhibiting the desire to know ‘‘why?” 
as “how? One of the valuable results which 
follow from the collaboration of experimental w 
with mathematicians 1s the provision of data on 
the latter can adjust the approximations at present 
evitable in their attack on the thermal phenomena « 
welding operation. 

A field of welding development which is particular! 
portant at the present time, and in which parallel invest 
gations have been proceeding on both sides of 1 
Atlantic, is the spot welding of aluminum alloys. In| 
countries, the necessity for close and consistent contr 
of operating conditions was quickly realized and, in | 
the importance of obtaining quality consistent enoug! 
to gain the confidence of designers has been fully app 
ciated. The governing factor in the advance of spot weld /2 
ing technique is the development of improved equipment 
and here the characteristic enterprise of the Americans 
has given them the lead over us at almost every ste; 
It is true that program-control and the variabl 
pressure cycle came to us from the Continent and we ar 
probably ahead in the use of post-heating, but to th 
Americans we owe the all-important electronic timer, 
there is little doubt that today they lead the world 
design of condenser-discharge machines. Moreover, 
have probably something to learn from them with regard 
to methods of controlling the forging cycle, to which the’ 
have always attached great importance 

The Literature Division of the Engineering Fou 
tion Welding Research Committee has to its credit 
achievement in sponsoring the preparation of periodic i 
views of literature on different phases of welding tec’ 
nology. Through the remarkable diligence of \!' 
Spraragen and his collaborators, over sixty of thes 
reviews have been issued to date. 
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A Test ot Longitudinal Welded Joints 
in Medium and High-Tensile Steel 


By A. G. Bissell’ 


HE application of are welding to steel ship con- 
struction received its first impetus as a result of 
the repair work done by the Navy on the interned 
German vessels in 1918. This work prompted at least 
three Navy Yards to start investigations to determine 
the extent that welding might be used in naval construc 
tion. In the work done in one yard, the limitations of the 
process were quickly determined and a rather extended 
use made within these limits. 
It was found that in using the available electrodes, 
unless a very short are was used, hard and brittle de- 
posited metal was obtained. By experimental work it 


nted at the A.W.S. Annual Meeting, Chicago, Ill., Oct. 18-21, 1943 
of Ships, Navy Department 


x 


was demonstrated that the contributing factor to this 
hardness was atmospheric nitrogen. The use of a short 
arc tended to create a shielding effect and gave a rela 
tively soft deposit even though the inherent ductility of 
this deposit was low. In spite of these deficiencies many 
applications were made of arc welding in the construction 
of seven sea-going tugs at the Puget Sound Navy Yard. 

In 1926, it was demonstrated that in spite of the low 
ductility of are weld metal from electrodes, obtainable at 
that time, welding could be successfully used to unite the 
members of structural steel buildings and bridges, and 
that such joints would remain intact though the structure 
was tested to destruction.” As a result of these demon- 
strations many buildings were erected using welding in- 
stead of riveting. 
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EACH TYPE IS REPRESENTED BY TWO SPECIMENS,OES 
H AND M TO INDICATE HIGH TENSILE STEEL, AND MEDIUM 
STEEL RESPECTIVELY. WIDTHS VARIED WITH MATERIALS AS 
SHOWN IN FIGURE 2 TO GIVE SUITABLE VALUES OF TOTAL 
BREAKING LOAD. SPECIMENS ARE WELDED WITH GRADE! 
CLASS | ELECTRODES 


GNATED 


Fig. 1—Structure of Assemblies and Classification of Types 
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About 1927 the Navy Department began a general 
movement toward the.use of welding in shipbuilding and 
in order to determine the performance of welded joints 
when stressed longitudinally a series of tests were con- 
ducted in 1932. Comparative riveted joints were also 
made and tested. Asa result of these tests, it was found 
that using the electrodes currently available, longi- 
tudinal welded joints were inherently deficient in duc- 
tility in the weld metal, which at about the yield point of 
the base metal, cracked transversely at many locations 
along the stressed seam when subjected to tension. 

At the time of this investigation covered electrodes 
were just being developed commercially in this country 
and specimens welded with such electrodes were included 
in these tests. These specimens definitely indicated the 
advantages of these electrodes. However, the results ob 
tained from the specimens welded with bare electrodes 
had a decidedly adverse influence on those responsible for 
the use of welding, which continued even after the use of 
covered electrodes became general. 

To overcome the impression that longitudinal welded 
joints were not satisfactory, the Bureau of Construction 
and Repair initiated a test of such joints prepared in 
medium steel and high-tensile steel (manganese vana- 
dium). To determine if the joint design of the seam 
would have any material effect on the results, a pre- 
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HOLES WERE DRILLED IN ENOS OF THE SPECIMENS TO PERMIT BOLTIN HEM 
TO PULLING HEADS. TRANSVERSE LINES WERE SCRIBED AT 5” INTERVais 
OVER THE LENGTH OF THE GAGE SECTION OF EACH SPECIMEN TO Faci.;Tare 
MEASUREMENT OF ELONGATIONS IN THE RUPTURED SECTIONS. Fs 


Fig. 2—-Details of All Specimens 


liminary test was made using a double V- and a single V 
joint im 20.2 Ib. high-tensile steel. A specimen 4 
length having a width of | ft. at the center and 
length of 10 in. was used. 

These specimens were attached to pulling head 
welding and tested to failure in tension in a Southwar 
Emery 600,000-Ib. hydraulic testing machine 
David Taylor Model Basin. Each specimen was scri! 


TABLE-I— STRENGTH OF PLATES WITH WELDED LONGITUDINAL SEAMS 


| MN. PLATE [STRENGTH 


SHAPE- TYPE|__SECTION%| PER SQ. IN. LENGTH] _ULTIM 


BREAKS 


ATE 
STRENGTH | (SHOWING CoN- 
ENT 


AND MARK | THick.| AREA | yietp | ULTI- | incHes| PER PERC TRACTION ETC 
IN, SQ. IN. MATE CENT EXAGGERATED) 

| 0.478 | 788 | 3350051800] 5.16 | 6.58 92.1 


| 0-489 | 8.08 | 35,900 61,900 | 9.20 | 15.34 110.0 


| 0.487 | 8.04 | 34,700]59,800] 11.71 | 19.52 106.3 


C= | 0.480 | 8.64 |43600]61000] 2.95 | 4.92 108.3 -—— 


CS] | 0.485 | 8.53 | 38,100 |61,800 | 8.53 | 14.20 109.8 


| 0.48: | 6.47 — 160,900] 9 


.48 | 15.80 108.2 


| 0.480 | 7.92 | 33,300 |56,300] 15.59 | 25.95 100.0 | 


| 0.497 | 5.71 |60,300]82,500] 7.15 | 11.92 98.9 


0.509 | 5.84 —_ 80,800; 4.16 6.92 96.9 


10.513 | 5.90 3.32 | 5.53 92.9 


0.500 


5.88 


85,400] 8.54 | 14.23 102.4 Sa | 


0.500 


5.88 86,200 


12.58 


103.3 


0.495 | 5.83 161,100. 165,800] 6.60 | 11.01 _ 102.7 


G- 


— 0.513 |5.89 |62,200/83,400/] 8.97 | 14.94 100.0 | 


% MH REFERRED TO THE CONTROL SPECIMEN. 
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% NOTE: IN THE CASE OF SPECIMENS WITHOUT LONGITUDINAL WEBS, NOTHING IS ADDED FOR WELDS. 
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h transverse lines at 1l-in. intervals for measurement 
nd observation of elongation during its test. Elonga- 
a 10-in. base was measured on each side of the 
snecimen. 

’ The results of these tests indicated that while there was 
\ittle or no difference in the yield strength of the welded 
nd unwelded specimens, the ductility of the welded 
jecimen was lower than the unwelded specimen, while 
iItimate tensile strength was higher. It was also 


determined that there was little or no difference obtained 
in the tests of specimens having double V-joint weld as 
compared with specimens having a single V-weld joint. 

Using single V-joints three additional sets of specimens 
were prepared in which Type A had a longitudinal seam 
the entire length of the specimen as shown in Fig. 1. 
Type B had a longitudinal seam the entire length of the 
specimen, however, a transverse seam extended halfway 
across the specimen from the central seam to the speci 


Incipient Fracture of Specimen 29-A. Face Side of Single V, 
Butt Joint, at an Average Stress of 49,900 Psi. 


Detail of Incipient Fracture of Specimen 29-A. Open Side of 
Single V, Butt Joint, at an Average Stress of 49,900 Psi 


Fig. 3—Typical Failures of Longitudinal Welded Joints Welded with Bare Steel Electrodes 


Fig. 4—Progressive Views of Failure of Medium Steel Specimen A-M. Longitudinal Seam Welded in MS 
Plate with Covered Steel Electrode, Rupture Started in the Welded Seam, Then Spread Into the Plate on 
Both Sides with Approximately Equal Rapidity 
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Fig. 5—-Medium Steel Specimen B-M ai Half Transverse Butt Fig. 7—-Medium Steel Specimen A-M After Test. Note ¢) 

After Test. Note the Reduced Transverse Contraction of the Luders’ Lines at the Edges of the Plate and at the Longity4 me 

Edge of the Plate Adjacent to the Transverse Seam, and the Seam to the Right of the Fracture ie 
Strain Lines Near the Junction of the Welds 


Fig. 6—Medium Steel Specimen C-M at Weld Intarsacti-n Fi . earn 
g. 8—Medium Steel Specimen B-M After Test, Showing 

After un” — ee — action cf Rupture Section. The Transverse Welded Butt Was About a 
e Fiate Adjacent to the lransvers2 Butt Foot from the Rupture, Just Beyond the Limits of the Photograph 


Fig. 9—Medium Steel Specimen C-M After Test. The Rupture 
Occurred About 3 Feet from the Transverse Welded Butt 


men edge as shown in Fig. 1. In the third specimen the 
transverse seam extended entirely across the specimen 
as shown by Type C of Fig. 1. A medium steel and a 
high-tensile steel specimen of each of these types were 
investigated and a control specimen of solid unwelded the Elongation of the Bolt Holes. The Webs Were Reduce 
medium steel and high-tensile steel was included in the in Width in Subsequent Specimens from 2 to | In. 


Fig. 10—-Medium Steel Specimen D-M After Ruptures. Note 
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| DISTRIBUTION OF AVERAGE AXIAL ELONGA- 
| rt TION IN MEDIUM STEEL SPECIMENS. 


Lo i4 16 TABLE 2 


SPECIMEN 6-M 


fry 


Luders’ Lines on Medium Steel Specimen D-M After 
Test 


Fig. 12-—Medium Steel Specimen E-M After Test. There Was 
@ Small Slag Inclusion in One of the Fillet Welds at the Point 
of Fracture 


investigation. Figure 2 gives the over- 
all dimension of each of the specimens. 

It will be noted that the medium 
steel specimens were all 16'/, in. wide 
involving approximately § sq. im. of 
metal, while the high-tensile steel speci- 
mens were 11'/» in. wide averaging 
5.8 sq. in. im cross-sectional area. 
Since the welds in these specimens 
were as welded there was a slight in 
crease in the cross section of the speci 
mens at the mid-section. However, 
this apparently had no effect upon the 
test. Unfortunately but one specimen 
of each type was prepared. A review 
of the results of the tests of the 
medium steel specimens indicate that 
the effect of the longitudinal seam in 
the specimen is to reduce the elonga 
tion of the over-all le ngth. However, 
the vield strength is increased and 
the ultimate tensile strength with the 
exception of the Type A specimen was 
also increased. 

While in these specimens there were 
none of the multitude of transverse 
cracks in the weld as in the case of the 
former test shown in Fig. 3, there was 
a single initial failure in the weld metal 
which extended outward from the cen- 
tral seam through the plate material on 
each side The general nature of the 
propagation of this failure is shown 
in Fig. 4, which represents the failure 
of the Type A specimen. In both the 
Types B and C specimens the breaks 
were well removed from the transverse 
welds showing that these transverse 
joints exceeded the original material in 
strength and did not constitute a weak 


Fig. 13—-Progressive Views of Speci- 

men A-H HTS Plate with Longitudinal 

Seam Welded with Covered Steel 
Electrode 
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ening medium. In both the Types B and C specimens the 


transverse welded seam acted as a reimforcing medium the centr 


stiffening bars by fillet welds did not 
constitute a weakness. Specimens SPECIMEN A~H 


ny 


al weld. 
and reduced the reduction of the plate at these loca- specimen was generally higher than that of the medium 
tions as shown in Figs. 5 and 6. In each of these tests steel spec 
there was a general elongation of the specimens at the is shown in Fig. 13. 


Fig. 14 Typical Failure of High-Tensile Steel Specimen Having the Attached Bar 


men of the same type in that the initial failure was i: 
However, the tensile efficiency of thi 


imen. The progressive failure of this specimen 


SPECIMEN B-H 


Al 


outer edges while the central portions were considerably The failures of the BH and the CH specimens both 
restrained from flowing plastically as is indicated by were located in the weld metal of the transverse joints, 
Figs. 7, 8 and 9. although at strength slightly less than the strength of 


Similarly, it was proved that the attachments of the original unwelded plate, however, it was well above 


SPECIMEN C—H 


similar to those described were pre war | £8 

pared of solid plate to which flat Sus | T RUPTURE zeae 

bars were attached as indicated by z z J 

specimens Types D, E and F of Fig. Zi2 

1. In these specimens the bars were 45 — 

2 X '/,in. However, it was evident Cos ] ae 

when the first specimen was pulled & 

that the additional strength of the 2 oa > * / 

attachments was too great, as is in = = =a 

dicated on Fig. 10. Pheretore, the $7 9 13 617 19 '3 9 13 15 17 19 '3 7 9 13 17 19 

bars were reduced to a height of | in. STATIONS STATIONS STATIONS 

by flame cutting. 

The medium steel specimens hav- SPECIMEN O-H ,aupTurE SPECIMEN E-H SPECIMEN F—H 

ing a bar attached longitudinally by no CI RUPTURE | LI | TT] | 

welding all failed at values well | RUPTURE | 

above the tensile value of the origi- z | | | a | 

remote from the transverse bars indi- ~~ 

cating that such attachments did not $o. | we ant | een! | 

constitute a weakness or stress raiser. = | c2esae 

The over-all ductility of these speci- 2 

mens was less than the original speci- 6 wal 

mens. That the bar constituted a @ 9 ae a: 


definite strengthening member is 
shown by the “‘Liiders’” lines which 

developed in the plate of the D-M 

specimen indicating the general SPECIMEN 6-H 


° 


elongation of the plate outboard S RUPTURE 
from the stiffener as shown in Fig. Si i 
11. The failures of these specimens # 
were very similar to the specimens Zi2 | 
having the longitudinal welds. The 4 ‘ 
outer edges elongating until a failure O08 
occurred in the center of the speci- 4 "4 7 
men at or near the fillet weld as Yo 
shown by Fig. 12. S 

The failuse of the AH specimen ™ ° 
was similar to the medium steel speci- STATIONS 
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STATIONS WERE SPACED AT 5 
OVER THE SPECIMENS. 


ELONGATIONS ARE GIVEN IN 
INCH INTERVAL. 


DISTRIBUTION OF AVERAGE AXIAL ELONGA- 
TION IN HIGH TENSILE STEEL SPECIMENS 
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‘Rioure 14 shows the typical failure of all of the high 
steel specimens having the attached bar. No 
ness was indicated by the transverse members. 
ral ies 2 and 3 show the axial elongation distribution on 


wens, respectively. 


speci 


des conforming to Bureau of 


basic all-weld metal tensile strength of the Grade I, 
lectrodes used to make the welds. 


the center line of the medium and high-tensile steel 


It has been shown that using covered arc-welding elec- 
Ships Specification 
that it is possible to develop longitudinal 


to the welds. 


NOTE: 


iod seams and attachments 1n medium steel which 


welaca 


will develop an averaging tensile strength equal to the 


unwelded steel. 
ver-all ductility. 


‘terial with erratic ductility. 


However, there is a moderate reduction 

Such welds im high-tensile steel a 
ievelop slightly less tensile strength than the original 
There was no evidence 
‘ cracking in the welded seams other than the single = Trans. s 


.° | Russian-English Dictionary of Welding Terms 


fracture which resulted im ultimate failure. 
evidence that there is less plastic flow in and adjacent 
However, the yield strength of the medium 
steel specimens was higher than the original plate. The 
yield strength of the high-tensile steel specimens was but 
little below the original material. 


The opinions in 
author and do not 
Bureau of Ships or the Navy Department. 
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A ropeaka, blowpipe, torch K 
aBToreHHan CBapKa, autogenous welding ropejka peskH Nox under KHCAOPON, oxygen 
aBTOMaT JIA AYrOBOH cBapKH, automatic water cutting torch BbICOKOrO mp 
velding machine ropa4as cBapka 4yryHa, cast iron weld oxygen 
] arrperatT (CBapo4HBiA), welding apparatus ing with pre- and post-heating KOBKOCTb, ductility 
a3xhect. asbestos sludge KOPOOHTb, to warp 
a3oT, nitrogen KOppo3Hna, pitting 
aTOMHbIi, pit KOPPO3SHOHHAaA YCTOHYHBOCTh, 
aueTHJeH, acetyien¢ resistance 
1 ropelka attack, action Kpatep, crate 
cBapKH, oxy-acctvlene welding terch KpHBan, 
strain diagram Kpomka, cdgc 
arc length cpe3a, cuttin 
cylinder AHO, root 1) KpyroBoh wos, circumtcrent 
6optopan cBapka, double-flanged butt MaTepHa.l, filicr micta 
6pycok, bar AIC WCICINE sepan cpapka, lcft 
welding rod velding 
B map ling hea cnaas. all 
BaAUK, fillet MERESO, iron cast 
| Bec MeTaJa, weld metal 3 JHTb, ti t 
of 6e3 ny3pbipelt 
| BKIKOYeHHA, inclusions sarpasHenHe, inipurity iOMaTb, ti 
BOCCTAHOBHTebHOe carbonizing spensit 1OMKOCTb B XOJOHOM COCTOAHHH, col 
Ham lamp 
BoL0pon, hydrogen 3aKaNHBaTb, to qucnch 
BOAbTOBa clectric ar 3akpena, tack M 
sneKTPOR, tungsten 3aTBepleBaTb, to freczc, to solidify mMacka, | 
tr OYKH, goggles MacTepckKas, CBapo4Has, 
BO10CHHa TpeulMHa, hair crack hiclmct met 
8 CTbIK, CBapHBaT, butt (upset) welding ra3, gas envelop flat ba 
BhILEAATh, to evolve mutT, face shicld MOON yupyrocTnH, 
to penctrat MYHAWTYK peskH, cutt 
BbIPe3aTb, to cut out 
BbIPYOUTb V-o6pas3no, to \V-bevel H 
BhICOKOe aBAeHHe, high pressure H36bITOK rasa, excess of gas HaBapka (HaBapHon weld bead 
BLITATHBaHHe to draw an arc bending HarpeBaTebHaA rope.jKa, 
BASKOCTb B notch-impact strength H310M, fracture torch 
H3Me@JIbYeHHe BePHa, grain refining Harpy3ka, load 
H3HarMBaHHe, wear, abrasion Ha pasppis, ter 
ra3, ga HCKYCCTBeHHOe CTapenne, artificial aging nepemMeHnas, 
peska, gas cutting HcnbITaHHe, test load 
A - nopa, blowhole, gas pocket Ha tensile test HakJlalka, strap 
relent eas welding Ha CKPpyY4HBaHHe, torsion test deposi! 
lyOuHa nposapa, depth of penctration Ha fatigue test metal 


roperKH, torch head 
bare clectrode 


Ha yap c notched-bat 
impact test 
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MaTepHan, fillcr meta 
HanpsKeHHe NpH breaking stress 
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— arc voltage 
— OT ycagKH, shrinkage stress 
HaxJIecTKY, CBapKa B, lap weld 
Ha4HCTO NpoTAHyTO, cold drawn 
HeMJOTHBIA, unsound 
HeMpepbiBHbIA WOB, continuous weld 
HH3KOe low pressure 
HopMa, standard 


o6e3xKupHBaTb, to de-grease 
oOMa3aHHbi coated electrode 
OOMOTAHHbIN covered electrode 
o60104Ka, coating 
o6pa6orTbiBatb, to machine, to work 
o6pa3seu HCIbITaHHA, test piece, 
specimen 
o6pasoBaHHe ny3bipe, formation of 
blowholes 
PaKkOBHH (KOpposus), pitting 
cBapKa, step-back 
welding 
o6paTHbih flash back 
shicathing 
single phase 
OKaJIHHa OT NMpoKaTKH, mil! scale 
OKHCAHOULee MAMA, oxidizing flame 
OnbiT, test, experiment 
ocafok, deposit 
OcaxkuHBaT, to upsct 
OCHOBHOH MaTepHa., base metal 
oT6pocbl, scrap 
OTKHaTb, to anncal 
OTJIMBaTb, to cast 
oTHOWeHHe, ratio, relation 
OTNYCKaTb, to temper, anneal 
O4KH JIA CBapKH, goggles 


I 

Na3, gap (root opening) 

nacta, cBapounan, paste, flux 

naaHHe, soldering 

virgin metal 

nepeMeHHbIh TOK, alternating current 

nepeHarpeBannue, overheating 

to remelt 

nepepbiBaMH, CBaPHBaTb C, intermittent 
welding 

30Ha, transition zone 

to melt 

nmiamMa rpemy¥ero rasa, oxy-hydrogep 
flame 

plasticity 

MIOCKHA woB, flush weld 

noworpesat, to preheat 

NOKPbITHe, coating 

NOABY4eCTh, creep 

strip 

nopa, pinhole 

nopowiok powder (flux) 

NOCTOAHHBIN TOK, direct current 

cBapKa TOUKAaMH, 
straight line spot welding 

mos (Hal over- 
head weld 

ynpyroctn, yield point 

yctanoctn, fatigue limit 

MIpHMeCcb, impurity 

solder 

mpyToK, welding rod 

nposap, penetration 


NposBec, sag 

conductor 

NpoBojoKa, wire 
—, cBapounan, welding rod 

nporu6, break, buckling 

CBapodHan pa6doTa, 
continuous welding 

wWoB, longitudinal seam 
— buckling 

to anneal 

mpokatka, rolling 

(CBapHOro WBa), peening (the 
weld) 

to etch 

strength, resistance 

MpyTok, round bar 

Ny3bipb, gas pocket 


Pp 


pa6ounk rpy3, useful load 

staggered 

pa3pbiB, HcMbITaHHe Ha, tensile test 

cxpansion, widening 

pacxoy rasa, gas consumption 

Kanan, regulator 

pexkyulee nama, cutting flame 

pesak, cutting torch 

pesaTb, to cut 

peska nox Book, underwater cutting 

peHTreHosBckoe X-ray 
tc st 

pocT 3epuHa, grain growth 


Cc 
cBapHBarT, to weld 
weldable 
cBapka, welding, weld 
, ABTOreHHaN, autogencous welding 
, spot welding 
—., lyrosaa, arc weld 
B 3allHTHOHK aTMOcdepe 
shielded arc welding 
— B py4Hy0, manual welding 
B CTbIK ONJaBieHHeM, flash weld- 
ing 
, KysHe4nan, forge welding 
MaBseHHeM, pressure welding 
overhead weld 
¢ BbICTyNaMH, projection weld 
- CONPOTHBJeHHeM, resistance weld- 
ing 
MpHXBaTKaMH, tack weld 
- INBOB B CTbIK, butt weld 
WIBOM, scam welding 
cBapHoe welded joint 
cBapHoK c NepepbipaMH, intermit- 
tent welding 
cBapo4uHan ropeska, welding torch 
welding operator, welder 
ceyeHHe B MecTe H3J10Ma, section through 
the fracture 
cKaTHe, Compression 
to shrink 
to bevel 
CKOAb3HTb, creep 
CKOPOCTb, speed 
creep rate 
ckpenjatb, to tack 
layer 
oKucn, oxide film 
joint 
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condo, nozzic, tp 
CONPOTHBAeHHE, resistance 
alloy 

cTapenue, age hardening 
cTeneHb factor of sf 
necking 


T 

nalika, to braze 
TBepfoctTb, hardness 
TepMHTHaA CBapKa, thermit wel 
Te4b, to flow 
TOK, current 
TOAMMHA, size 

MNpOBOJOKH, wire diameter 
CBapKa, spot welding 
TpaBuTb, to etch 
crack 
Tpy6, cBapka, pipe welding 
Taryyectb, ductility 
TaKeCcTb, load, weight 
Tpanciopmatop, transformer 


yroJlb, carbon 
carbon ar 
clongation 
YMeCHbUWeHHe 

tion of area 
yMdopmep, motor-gencrator 
ycayka, shrinkage, contraction 


nyctota, shrinkage cavity 


ycTaHoska flame ad) 

reinforcement 

YTOAMLEHHBIA woB, reinforced 


flux 


x 
CBapKa, welding wit! 
heating 
XOJORHO TAHYTBIA, cold drawn 


cold working 


wos, double-\ 


eTo 


uBeTHOH, nonferrous 


y 
4YryH, cast iron 


WHBKa, Core 
WHpHHa paspesa, width of ker! 
slag 
wand, micro-section 
CBapHoH, weld seam 
— fillet weld 


— c cKkocom, double-be 


joint 
helmet 


clectrode holder 
9 


electric ar 
aueKTpon, clectrode 


—, oO6Ma3aHHBI, coated electrode 
—-, o6bMoTaHHBI, covered electrode 
electrode holder 


filler metal 
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fe Steel Castings—Their Properties and Use 


of steel castings for weldments 

the War Program has accel 
was previously considered a 
vrowth of application. In the very 
the same talent and concen 

t used for the War Program 

be diverted to the development 

| old-line industrial and civilian 
The challenge to the designer 

the 
materials 


to specify most economical 


rviceable appropriate to 
It will not only be logi 
in absolute ex 


‘onomic necessity 


use of steel castings be thoroughly 


threefold purpose of this articl 
the following: 


engineering and metallurgical 


properties of cast steel suitable 


fo- welding 
factors of de sign and spec ifica 


ion required to insure satisfac 
tory Ca 


[he economics of steel castings for 


tings for welding 


veldments including typical ex 


amples 


he Engineering and Metallurgical 
roperties of Cast Steel Suitable for 
Welding 


juestion frequently asked by the en- 
and designer is: ‘‘What are the 
al properties of steel?” If 
teel is to be used for weldments, it is 
sary to know whether any essential 
nee exists steel and 
or wrought steel for which it is sub 
tituted. With the development of alloy 
wee weld rods capable of producing up to 150, 
(100 pst. tensile strength, comparisons are 
ssary up to these high values. Also 
use of welds in heavy sections in the 
nealed, normalized and heat-treated 
ondition requires that the mass effect be 
ompared. 


cast 


between cast 


Tensile and Yield Properties 


The data in Fig. 1 show the tensile and 
yield strength of rolled and forged steels 
of both carbon and alloy analyses of vari- 
ous sizes and heat treatments. It is em- 
phasized that these values, as well as 
those of other graphs herein, were secured 

production and therefore represent what 
can actually be secured under production 
variables rather than laboratory tests. 
lt is seen that the tensile strength closely 
lollows the approximate relation of T.S. = 
Bhn. The yield point values nat 
urally are scattered due to the variables 
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“pervisor, Research and 
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Metallurgy, The 


PRIL 


in Weldments 


by E. J. Wellauer? 


associated with the type of heat treatment, 
cleanliness of the steel, forging or rolling 
procedures and the method of testing 

A similar plot for cast steels and weld 
metal is shown in Fig. 2. The values were 
secured from test bars machined from the 
deposited welds and represent production 
testing. It is obvious that the weld metal 
follow closely the variations 
present in both cast and forged steels 


properties 


It can be concluded that given a definite 


hardenability or hardness as a basis of 


comparisons, the tensile strength of rolled, 


wrought, cast and weld metal are identical 


regardless of the alloy content Che mini 


| 


yield values are somewhat 


tional but 


mum propor 


naturally have more 


scatter 
It can be concluded that for design pur 
yield 


poses involving tensile and 


ties, the 


proper 
engineer can 

wrought, cast and weld mat 

fullest 


arises a 


confidence rhe 
* Variations 


ductility between the ba 


Ductility and Toughness 
Phe 


or ductility 


accurate int 


is almost 1 
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Tensile Strength and Yield Point vs. Brinell Hardness of Wrought Steels 
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bend tests 


| loadings of 


— endurance 


in bending is approximately 
‘an Ga tensile strength and is independ 
analysis 
2 The endurance limits as deter: 
polished laboratory specimen 
| o1 forged steel, cast steel and we 
: identical, being primarily dey 
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Fig. 2—Tensile Strength and Yield Point vs. Brinell Hardness of Cast Steel and Weld 


Metal 


the elongation and reduction in area of th 


tensile test, an impact test, a bend test or a 
bend elongation test in order to secure an 
approximate evaluation 

rhe production results for the elonga 
tion and reduction of area secured from 
tensile test bars for wrought and forged 
steels, cast steel and weld metal are plotted 
correspondingly in Figs. 3 and 4. An ex 
amination reveals that again these various 
basic materials are almost identical in 
their properties Che longitudinal prop 
erties of forged produc ts are slightly 
higher than those for cast steel or weld 
metal. However, depending upon the 
degree of working, the transverse proper 
ties are much lower. Since most service 
conditions involve several directions of 
loading, the security of uniform direc 
tional properties of cast steel and welds 
is sometimes particularly advantageous 

The Izod or Charpy impact test is also 
used as a measurement of the toughness 
of materials, particularly as subjected to 
the stress concentration caused by sharp 
notches. The test and results secured are, 
at the most, qualitative rather than quan- 
titative and have no direct relation to de- 
sign factors. An interesting plot of the 
comparison of Izod impact to the Brinell 
hardness or converted tensile strength is 
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shown in Fig. 5. It would seem that, ex 
cept for inferior quality of metal, the in 


NES: 


pact 


ELONGATION IN 2° AND REDUCTION IN AREA 
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res 
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stance 


are sometimes interpreted 


000,000 cycles, approaching i 
laboratory specimens, the end 


treatment of the steel than a; 
tor It is for this reason that 


a 


imens. The transver 
values will be 50 to 70°% of thi 


be used as a measure of the q 


weld rather tha 


value useful for design. A ce 


indicates that th 


bend secured with perfect 
primarily dependent upon 
strength and the hardn 


Another f 


variable magnit 


fatigue strength’’ or “endur 


stress 1s decreased, the number 
required to produce failure in 
a stress called the “fatigue 


\ 


the quality of a material rathe; 
herent toughness 
Phe impact values plotted ar 


As in impact tests, the bend 


rT 


actor ot portancs 
signer of weldments subjected 


il 


Phe phenomenon of fatigu: 
t—+— the number of cyles of variatio: 


al of stress which causes failur: 
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limit,’ the number 


necessary to produce failurs 


erties, as determined by laborat 


poses unless 


limitations associated with th: 


are not direc 


tly applicable for 
modified by sever 


al 


design and the service condition 


is dependent more upon In weldments and other 
the hardness or tensile strength and heat 


parts, the actual stress develop: 
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DISTANCE FROM QUENCHED END OF 


SPECIMEN, SIXTEENTHS OF INCH 


Fig. 6—-End-Quench Hardenability Tests—Carbon Steel Plate 


and Casting 


Casting Plate 
Carbon 0.28 
Manganese 0.77 0.55 


that calculated on the basis of uniform 
stress distribution due to (1) stress con- 
centration caused by the nonuniform dis 
tribution of the stress over a gross section 
and (2) surface concentration 
caused by small scratches or other surface 
imperfections. 


stress 


Because of the surface irregularities in- 
herent in the welding process, and formed 
as the weld beads overlap or progress, high 
surface 
formed 

It is not within the scope of this paper 
to treat the design mechanics involved, 
but it should be emphasized that the con 
cepts of stress concentration require care 
ful consideration for designs requiring the 
utmost utilization of the properties of the 
materials involved. For example, it is 
sometimes possible to make a fillet of the 
parent cast steel if the strength of the 
parent metal is greater than the available 
rod strength and make the weld a butt 
weld away from the fillet and at a point 
of lower stress level. 

Investigations' have shown that the 
fatigue strength of a butt weld can be in 
creased as much as 15°; by machinjng the 
reinforcement flush with the base plate 
thereby reducing the stress concentration 
caused by the irregular weld surface 

Besides these problems, there are in- 
volved mass effects which indicate that 
fatigue specimens of large sections some- 
times display tensile strength endurance 
limit ratios as low as 30% instead of the 
50% usually secured from laboratory tests. 
These low ratios can be found in rolled, 


stress concentrations can be 
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Weld Rod 
0.19 


U. 3¢ 


wrought, cast and weld metal. Corrosion 
and submersion in oils or liquids further 
contribute to a reduction of the fatigue 
strength 

The effects of notches under impact 
loading are well known and must be ac- 
counted for in designing 

Another item of importance to the de- 
signer is the induced built up 
during welding process by thermal expan 
sions, contractions, etc. 


stresses 


These are impor 
tant and are receiving considerable study 
at the present time. A judicious selection 
of cast steel components which are to en 
ter into the construction of a weldment 
can sometimes materially aid in the re- 
duction of such ‘built-up’ stresses which 
have been found in some applications to 
have exceeded the strength of the metal 
thereby causing a failure to occur 

From the data presented, it is very ob- 
vious that the designer can freely substi- 
tute between forged, rolled, cast and welded 
steel with perfect assurance that satisfac 
tory engineering properties will be pres- 


ent. Knowing these facts, it is only nat- 
ural that the questions be asked: ‘‘Can 
cast steel be welded?’’ or ‘“‘what are the 


metallurgical properties of cast steel with 
reference to welding?” 


Weldability of Cast Steel 


Because of the vast experience gained 
in the last few years with the welding of 
cast steel, there is no need to expand on 
the proved fact that cast steel is definitely 
weldable. Excellent discussions on this 
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Fig. 7—End-Quench Hardenability Tests 


Alloy Steel Plate and 


Rod 


subject are found in the artick 
and Mueller? and Smith and Bolt 
It is obvious that cast steel an 
ited weld metals are closely relat: 
fact there is very little differenc: 
damental nature. Both start a 
metal covered by a slag or surrou 
an atmosphere which affects th 
Both are poured into molds, on 
metal, the weld metal into a sti 
a specially prepared “V”’ or scar! 
steel and weld metal freez 


sively and form dendrites alt! 


cast 


cause of the smaller mass, the w 
cools much more rapidly soth 
same ills, such as shrinkage crack 
clusions, porosity, attack by poor 
pheres, etc. Similarly these defe 
be entirely eliminated by proper 
control 

It is probably worth while to 
the metallurgical properties of 
to determine whether or not the 
istics are similar to wrought or roll 
ucts, thereby allowing previous « 
with these materials to be definit 
lated to cast steel 

he hardness of the heat-affe: 
will be approximately proportional! 
hardenability of the metal if the 
welding procedure is used; that 
terms of the geometric proportion 
weld, weld rod composition, coat! 
diameter, amperage, polarity and © 
tion technique. 

The hardenability properties ca 
measured by means of the Jominy harce! 
ability test. The Jominy hardena!ility 
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working, either hot or cold, has a tendency 


in welding. Cast steel exhibits the same 

| | | characteristics of grain growth with ref 

| | — erence to time and temperature as do me 

300 + a chanically worked steels. Cast steels of 

open-hearth grades poured without de 

ome oxidation with aluminum usually hav: 

- a — slightly better weldability than aluminum 

7 \ treated steels even if the latter have a 

m + } smaller initial grain size Mechanical 
5 


° 
a to lower the grain-coarsening tempera 
: tures Cast steel not being worked 
a 
| thereby has several advantages 
y + ¢ These discussions have shown that cast 
steel can be used with equal effectivent 
= se ee as rolled or forged steels in so far as eng} 
. = neering properties are concerned. It ha 
| | een shown metaliurgically a ca 
o 4 } = ee steel follows the same laws in regard to 
x 
a | k hardenability, etc., as is common to all 
A knowledge of the important factors of 
Fig. 8—Test Bars Machined with Weld Fig. 9—Hardness Exploration design and specification which must bh 
at Various Positions Welded Alloy Cast Steel followed in order to insure a sound casting 


free from defects and having suitable weld 


F ing properties, then becomes of primary 
Normalized and tempered at 12 F quench” hardenability test is a good importance to the design engineer 
var plate-normalized method of quickly matching weld metal 
fa straight carbon cast steel, plate and to the parent metal, particularly if heat Important Factors of Design and 
urbon weld rod deposited in a 1! /s-in treatments are applied as is usually the Specification 
plotted in Fig. 6. Brinell hardness practice with alloy steel 
nverted from Rockwell “C”’ or ‘‘B’’ 1s The problem of matching weld metal It can be unequivocally expressed that 
i. It is apparent that the harden physicals to the parent metal is empha the most important factor upon which 
lity for the cast steel is no different sized merely because of the mistaken im depends the soundness of a steel casting 
ian might be expected for the similar pression prevalent among designers that a is that of Mechanical Design 
hemical compositions in forged, rolled or weldment will always fail outside of the When molten metal is poured in a cast 
veld metals weld. When failure occurs in the weld ing mold and the metal begins to solidify 
\ similar conclusion is valid for alloy rather than in the casting, an erroneous and shrink during cooling it is necessary 
ist steels. The Jominy hardenability for conclusion is sometimes drawn that fail that hot molten metal be supplied at the 
a manganese-molybdenum alloy cast steel ure was due to some inferior weldability proper locations. The inability of metal 
plotted in Fig. 7 along with a carbon of cast steel to be supplied properly migh au 
moly rod. The carbon-moly Jominy speci The phenomenon of grain growth in hrink to occur 
nen was obtained from a 1'/»-in. weld the heat-affected zone is of importance Molten metal in a mold should progr 


\n examination of the carbon-moly rod 
values indicates lower hardenability and 


from the data presented previously on the POOR DESIGN : 
relation of tensile strength to hardness, it 
an be concluded that the weld metal will vIT TC WITH CH 


not approach the physicals of the parent 
ast steel regardless of the treatment 
his is indicated by the following tensile 
tests taken across the weld after normaliz 
ing and tempering at 1200° F 


Trans SECTION 
Casting, Weld, verse, 
Psi Psi Psi CORED HOLE 
Tensile | | | ‘| 
strength 95,000 73,000 74,500 


Yield point 66,150 53,950 53,150 


The weld specimen was normalized and 
bars machined from sections which had 
been tempered at 1000 and 1200° F. The 


welds in the tempered specimen were lo 


cated adjacent to the thread in order to 
give the parent cast metal an opportunity 
to neck down and fracture first. However, 
the welds were the weakest and failed re- 
gardless of the position. This is illus 
trated by Fig. 8 along with a plate speci 


men in which the plate had the lower ten- 
Strength. Note how the plate 
necked”’ down outside of the weld, 
whereas the normalized specimen of the 
asting necked down in the weld 
\ liquid quench is not sufficient to | 
bring the physicals in line as indicated | | ” Gy 
by the cross-sectional hardness of an oil 


juenched and tempered specimen as shown 


it is obvious that Jominy or ‘end Fig. 10—TIllustrations of Poor and Good Designs of Basic Sections for Steel Castings 
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Fig. 11—-All Cast-Gear Reduction Case for Steel Mill 


Service 


Fig. 12—-Modern Weld Gear Reduction Unit Composed of Plat: 
Steel Castings 


sively freeze from the ‘‘drag’’ or bottom 
side toward the top which is maintained 
at a higher thermal level by means of a 


might easily adapt a steel casting to avail encountered in rolled plates and 
able facilities thereby promoting both a Unlike the latter, by 
sounder and a more economical product 


prop rly 
the design of a steel casting a 


‘riser’ or shrink head which serves a dual “When in doubt, consult the foundry the foundry technique, the sulp! 

purpose. First, to provide a reservoir of man.” distributed where it will be lea 

liquid metal to supply the shrinkage due to With due cognizance of the importance Having made sure that tl] 

solidification; and, second, to provide the of design factor necessary to produce a correct, the chemical compo 

necessary temperature difference to en- sound casting for all purposes, several heat treatment must be spe 

courage progressive solidification by virtue items of further interest to the welding an optimum relation of physica 

of the heat capacity of the mass of metal process must be given consideration. For ties to weldability 

present in the riser example, in large castings involved in 

For a rather thorough but p eliminary weldments differences: in the chemical Specifying the Steel Casting Chemi 

ia discussion of the defects formed in steel composition occur similar to that which 


castings due to deficiencies in design the is present in large rolled plates or forgings 


reader is referred to “Steel Casting De Since the density of molten steel decreases When steel castings are de 
sign for the Engineer and the Foundry- with increasing carbon contents, the high structure joining low-carbon ro! 
man.’’* A study of this paper is a ‘“‘must”’ est carbon content will be found in the plates, it 1s logical to specify 
to anyone not thoroughly familiar with upper portion of the casting just under similar chemistry because the rig 


steel casting procedures. A few defects neath the riser Whenever possible, the the ‘Structure rather than tensil 


which are attributable to design and cor weld areas should be made on the ‘‘drag”’ is the governing factor It mi 
rectable by design are shown in Fig. 10 or lower portion of the mold because of proper to specify the identical c! 
merely to emphasize the importance of the lower carbon content and the unusual used for steel plates, but thi 
design considerations cleanliness and absence of sulphur segrega true since the relation of casting \ 
Besides these various fundamental de- tion at these areas cal composition must be consider 
sign rules, the engineer must acquaint Segregation of sulphur must be avoided The carbon can be between (2 
himself with the facilities of his supplier in steel castings since such segregations 0.30°7 for general castings withou 
foundries, since some simple design changes adversely affect weldability similarly as culty in welding or casting. It 1 


‘ 
‘ 


Fig. 13—-Steel Castings Used as Portion of Weldment for Large 


Fig. 14—-Unit of Large Gear Case Showing Combined Use o! 
Gear Reduction Case 


Steel Castings and Plates 
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Fig. 15 
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fig. 15-Another Large Gear Unit Using Steel Castings Both 


os Welded to the Plates and es Individual Component Fig. 16—Typical Comparative Cost Curves Which Might Be Ob- 


tained by Various Designs 


pecify maximum carbons below only problem which then requires further As an example of a method of analysis 
because of the various troubles study is that of the economic relations might be the production of a gear reduc 
might be encountered in the steel tion unit case. A typical example of an 


} 


naking procedure. In so far as manganese all-cast gear case manufactured befor 


nig Economics of Steel Castings in Weldments , 
it is definitely better not to the advent of welding is shown in Fig. 11 


neerned, 
nits as low as 0.55 or 0.60°7 as is It is not possible to definitely determine It is evident that a considerable amount 
times used for rolled plate The rules for the most economical usage of of machine work is necessary 1 the 
location in which manganese sul steel castings in weldments because of the separate parts of the cover 
are precipitated to form sulphur wide variations in the type of structures gether rhe facilities of 
gations which result in both hot produced. In general, steel castings are are required using massive and co 
ind poor weldability is profoundly most economically used for unit portions pattern A welded housing 
d by the magnitude of the man of the general structures castings as component part 
combined in the complex manga 
iron sulphide. As a general rule, the 
r the active sulphur the higher must 
the manganese content. It seems de 
to allow an 0.85°; max. manganese 
max.carbon. The foundry 
usually control the manganese 
d 0.60 to 0.75% The higher per 
tage will be used when the sulphur is 
igher than average or the casting or weld 
ng procedures demand a control of the 
location of the sulphides. It should be 
ognized that a considerable amount of 
might appear to be high manganese 
tually a combination with the sulphur 
and thereby does not contribute to the 
hardenability. From the author's expe- 
rience with sulphur segregations in steel 
forgings and rolled plate under present-day 
onditions, it is concluded that perhaps an 
3 adoption of the above conc epts would re 
% sult in better ingots and consequently an 
improved end product 
When physicals higher than that ca- 
pable of being produced by straight car 
steels are required, alloy analyses 
st be specified. As indicated in the pre 
vious discussion, the physical properties of 
wrought and cast steels are identical 
When castings are to be welded to alloy 
steel plates or forgings, it is customary to 
specity a similar analysis. When heat 
treatments are required, the steel casting 
will respond identically to a forging of 
identical chemistry and grain size. The 
useful Jominy or end quench test can be 
applied with equal effectiveness as was 
Previously discussed 


From the concepts presented herein, the 
igner is forced to conclude that steel 
astings can be used with utmost confi = 
dence in steel weldments. Naturally, the Fig. 17--Cast Steel Closure for Welding Cut End of Pressure Vessel 
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Fig. 18—-Cast Steel Welding Nozzles to Be Welded in Pressure 


Vessels 


Fig. 12. Smooth even lines of pleasing parts together. Such designs are best pro 
appearance are secured along with sub duced by welding alone. Curve C is typi 
stantial improvements in functioning per cal of most weldments similar to large 


formance. 


gear unit cases in which the cost drops as 
Experience has indicated that in struc bearing supports, caps, etc., are of cast 
tures of this nature the flat surfaces such steel 
as the sidewalls, oil pan, cover, etc., are 


As more of the unit is worked into 
steel castings, the complexities of casting 
economical applications for steel plates increase along with the pattern cost. These 
For bearing blocks as illustrated in Fig. 13, 


fundamental curves will vary according to 


caps, etc., steel castings are most economi the number of units, relative cost of pat 
cal, particularly if sufficient units are avail terns and welding fixtures, penalties im 
able to distribute the pattern cost. Sev posed by weight, relative cost of the 
eral gear unit structures having steel cast machine hours or labor required and simi 
ings as a portion of the weldment are lar items. In many instances the greatest 


shown in Figs. 14 and 15. economy is secured with several individual 
A general study of a weldment which is castings welded together to form an inte 

to be composed of several steel castings gral or major portion of a weldment. 

will result in cost curves of the types 


The use of steel castings for pressur« 


shown in Fig. 16. It is obvious that Curve vessel components has been particularly 
A dictates the use of a considerable pro lucrative in the resulting economies in the 
portion by weight of steel castings form of welding end flanges and covers, 
Curve B is indicative of many designs com Fig. 17, nozzles, Fig. 18, and particularly 


posed chiefly of flat surfaces with a mini for such large covers as illustrated by Fig 
mum amount of welding for holding the 19 


By Martin Seyt 


selaer Polytechnic Institute and Lehigh University, have worked out the 


hardness and ductility of the heat-affected zone in the base metal Reprinted 
from February 1944 issue of Metal Progress 
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Weldability of Steel 


* Recent experiments directed by the War Metallurgy Committee, at Rens conception of “he dy” 


Recapitulating the main poin 
discussion : 
1. Cast steel has identical 


properties as rolled steels, forged 


weld metal 

2. The proper design of a st 
is of the utmost importance for 
results 


usually one composed of both 
wrought steels and steel casting 
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MONG the numerous review of welding literature ability’ has gradually undergone a pronounced cilia 
prepared by Messrs. Spraragen and Claussen for In the early days of the oxyacetylene and arc-weldi 
the Welding Research Committee and published indtstry about the only iron alloys which were regarc 

as supplements to the JouRNAL of the AMERICAN WELD- as readily weldable were wrought iron and soit 
ING Society are included seven very excellent summaries nowadays the attitude would largely be that any ui 
of various phases of the problem of ‘‘weldability.”’ is weldable—all that is necessary is to discover the 1 
The above statement, and nothing else, would indicate sary technique and _ facilities. 
the extreme complexity of the subject. Likewise anyone that this change of attitude by no means compris 
whose acquaintance with the welding artdatés back thirty adequate understanding of the problem of weldabilit) 
years will realize that the connotation of the word ‘“‘weld- rather it reminds me of what steel metallurgists face: 
another situation, when they attempted to pin dow! 
to definite quality factors 
quantitative relationships between arc voltage, current and travel and the sessed by high-grade steel. 


Not that various definitions of weldability hav: 
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heen proposed from time to time. They have ranged 
from the ideal and impracticable proposal that a welded 
ioint should be indistinguishable from the base metal in 
all respects, to a practical engineering definition requiring 
that no cracks develop in the joint after welding in a given 
routine, either before the joint is loaded or after it is 
loaded. Another idea, that weldability of a certain metal 
can be determined by welding a simple structure of it 
ind inspecting it for defects, has the disadvantage that it 
must be associated with some standardized welding 
technique, else it has little practical meaning. Further 
more, the American Bureau of Shipping has recently had 
ample demonstration of the fact that perfectly sound 
metal welded by approved practices can develop disas 
trous cracks due to locked-up stresses—a matter which 
has but a tenuous connection with the ‘“‘weldability”’ 
of the base metal, to say the least. 


In making a tentative approach to such a complicated 
subject as the quantitative appraisal of weldability, it 
would consequently be best to circumscribe our efforts 
to the least number of considerations possible, provided 
nly that these considerations are of primary importance. 
lf we are to discuss the weldability of the base metal, 
it would obviously be proper to eliminate close examina 
tion of the deposit at the very center of the weld. (I am 
issuming that what we are discussing is ‘“‘fusion’’ weld 
ing, that filler metal of some sort is deposited, and the 
weld is not merely made by melting together abutting 
edges of sheet metal, or pressing faying surfaces together 
it hot spots.) For example, weld metal itself has been 
known to crack badly, with cracks branching off from 
the center of the joint toward the edges like the branches 

i bare tree. These are akin to hot tears in steel cast 
ngs and have more to do with the hot shortness of the 
netal in the bead than anything else. Hence we can 
neglect them im discussing weldability of base metal. It 
is not a cogent rebuttal that weld metal cracks are ac 
entuated by the rigidity of the parts being welded, and 
that they are mitigated by preheating or quick stress 
relief. Without arguing the matter in detail, it will be 
issumed that weld-metal-eracks as well as ‘‘fish-eyes 
we problems of welding technique and are not factors in 
any definition of weldability of base metal. 


A logical extension of the above idea would discard 
onsideration of troubles in the so-called fusion zone 
that is, in the very edge of the puddle where there is a 
mixture between molten filler metal and molten base 
inetal. Troubles might obviously be expected here if the 
composition of the filler metal were too different from 
that of the base metal; this very statement indicates 
igain that the problems in the fusion zone are problems of 
welding technique rather than weldability of the base 
metal, 


None of the above is to deny that a weld is a complex 
Structure, nor to criticize the engineer who desires some 
over-all test that will integrate the effect of dozens of 
tactors which have gone into the making of such a weld. 
here is something to be said, therefore, for the idea that 
practical, commercial weldability”’ is possessed by metal 
ii welded joints in it will have a tensile strength, bend 
ductility and impact strength of 80% (say) of the cor 
responding properties of the unwelded steel. The prin 
cipal trouble with such a definition is that testing en 
gineers have found it very difficult to devise tests which 
are suitable for the comparison. To compare a joint 
with unjointed material by any test to destruction, the 
detormation and fracture should certainly reside in the 
jomt—yet it is almost impossible to insure such condi- 
tions im as simple an undertaking as a tension test on a 
butt-welded joint. 


1944 


WELDABILITY OF STEEL 


Cracks in Welds and Welded Structures 


In reading the reviews prepared by Messrs. Spraragen 
and Claussen, one is struck with the frequency with which 
the thought is either implied or expressed that the prin 
ciple trouble in welds is the development of cracks. Ob 
viously a sound joint should not contain cracks; a weld 
able steel should be welded without cracking. For in 
stance, we have definitions of weldability suggested by 
both Hodge and Gibson (well-known American welding 
experts) which may be stated as: ‘“‘Weldability is the 
ability of any steel to go through a thermal cycle im 
posed by a given welding technique without the produc 
tion of hard or brittle zones tending to produce cracks in 
welding or in service.”’ 

Cracking in service has loomed large enough in the lit 
erature to warrant a critical survey by Spraragen and 
Claussen. While many service failures have undoubt 
edly been studied in detail, only a few of these studies 
have been published—probably an indication that the 
commercial desire to cover up responsibility has tri 
umphed over the engineering desire to confess one’s sins 
so that others can avoid future trouble. However, when 
a busy bridge falls down, the matter can hardly be cov 
ered up except by wartime censorship; consequently the 
most valuable studies of cracks in structures in service 
describe failures of German and Belgian bridges. The 
troubles, principally if not exclusively, can be ascribed to 
dangerous multiaxial stresses. Stress analysis after the 
event indicates such stresses did reside at the seat of the 
trouble, and examination of the fractures (showing no 
ductility at the break, yet in material ductile when 
tested) verifies this supposition. I will therefore lay 
down the dictum that cracks in structures in use are 
principally due to errors in design, careless welding, lack 
of proper stress relief or improper work during field erec 
tion. If this is a proper statement of fact, it will follow 
that any amount of weldability in the base metal can 
hardly be expected to insure a structure that will be free 
of cracks after it gets into service; no metal is known 
which will act in a ductile manner under triaxial stress 

This does not mean, however, that the definition of 
weldability should entirely disregard the possibility 
of cracks. On the contrary, it is fair to demand of a 
weldable steel that it be one that does not develop cracks 
any place in the base metal during the welding operation, 
and this brings us directly into the modem trend of 
studies on the entire problem. 

There is a considerable literature on so-called “hard 
cracks’’—very small, sometimes microscopic, cracks in 
the hardened zone of the base metal just adjacent to the 
fusion zone of the weld. ‘‘Hard cracks’’ are caused, 
according to some authorities, by the volume changes 
when austenite, existing at the time the welding heat is 
there, transforms into martensite, the hard product of 
quenching, this volume change taking place during a 
time when the adjacent metal is much more rigid. I 
rather think of ‘hard cracks”’ as resulting from a complex 
multiaxial stress system, which can crack even a plastic 
metal, and which actually is operating on material 
which is inherently brittle or in a range of temperaturt 
where it would be brittle anyway. It would appear that 
the simplest way to avoid such “hard cracks’ would be 
to avoid the formation of martensite, and this, of course, 
is done in a practical way by welders by limiting the car 
bon content of the steel to, sav, 0.20%) carbon and keep- 
ing the alloys low. This, in modern metallurgical par 
lance, merely means that the steels transform rapidly at 
a high temperature from austenite directly into ferrite 
and fine pearlite—in other words, such weldable steels 
are not very hardenable. Another common method, of 
course, is to slow down the cooling rate of hardenable 
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steels containing higher carbon or higher alloying content 
by preheating and using more welding heat. At any 
rate, there seems to be a definite hardness level, approxi 
mately the equivalent of Brinell 350, below which “hard 
cracks’’ may not be expected to occur. 


Tests for Hard Areas 


This brings us to the point where we find that recent 
experimentation in the United States favors the use of 
hardness traverses, using the Vickers hardness testing 
machine for its ability to measure spots close to each 
other without too much disturbance of the surrounding 
metal. Dozens of recent articles which have the word 
‘“weldability’’ in their titles have diagrams or tables 
showing the results of such hardness traverses along lines 
parallel to the top of the jomt and at a depth approxi- 
mately equal to the depth of the fusion zone at the last 
bead. 

| Metal Progress Editor's Interpolation—‘‘Weld Bead 
Hardness Test’ is included in ‘‘Proposed Tentative 
Tests for Metal Arc Weldability of Steels’ of the AmErt- 
CAN WELDING Society, as published in THE WELDING 
JOURNAL, June 1943, page 433. Test plate is 3 x 6 in., 
'/, in. thick, normalized, and held at 65° F., 300° F., or 
—20° F., as the case may be. A bead 3 in. long is de- 
posited along the center line with E 6010 electrode, */;, 
in. diam., 25 v.d. c., reversed polarity, and 180 amps. 
Speed of travel shall be carefully controlled at 5 in. per 
min. A ?/>-in. strip is then cut across the plate, narrow- 
wise, both cut surfaces polished with 000 emery and 
lapped, examined for cracks with a 25 power glass, then 
etched lightly with 1% nital to mark out the heat-af- 
fected zone, and re-examined. Vickers hardness readings 
are then made on one face, spaced 0.03 in. apart along a 
line slightly below the fusion zone at the bottom of the 
bead. Maxitnum hardness readings to right and to left 
of center line is reported, as well as the hardness of the 
unaffected base metal, 3 in. from the center of the bead.} 

We also find hardness limits in the 1940 Swiss stand- 
ards for weldability, which are briefed as follows: 

A steel to be weldable must melt without wildness and 
spatter, and be free from large inclusions and lamina- 
tions. 

A steel is classed as having ‘“‘good”’ weldability if plates 
up to 1°/s im. thick, welded at 40° F., will withstand a 30‘ 
bead-bend test (described below), have maximum hard- 
ness alongside the fusion zone of no more than 300 Bri 
nell and contain no martensite in cross section. 

Steel is of ‘‘adequate’’ weldability if plates up to */, in. 
thick can be so welded. 

Plate has ‘‘bad’’ weldability if special technique and 
subsequent heat treatment are necessary to reduce the 
maxinum hardness alongside the weld to 300 Brinell. 

Steel is “not weldable’’ even if special precautions and 
heat treatment will not bring the hardness to 300 Brinell. 

The bead-bend test noted above is a German develop- 
ment designed to search out the existence of very fine 

cracks in the base metal alongside the fusion zone and 
also to appraise the condition of the metal as to its ability 
to resist rapid propagation of cracks which might start at 
hard brittle spots. To prepare the specimen, a short 
bead is run down the center of the test plate (either 
grooved or not) and without further preparation the 
plate is bent in a fixture with the bead on the tension side 
and the direction of the bead perpendicular to the bend- 
ing plunger. The angle required to open up the first 
transverse crack is measured, and this angle of bend (in 
German practice) must be at least 20° in order to con- 
form to the standards for structural welds. Studies of 
the stress distribution along the edges of such a bead 
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show that the resultant of the weld shrinkage 
the bending stress during testing is an extremely } 


tensile stress localized near the tension surface: th¢ ty. 


ing operation thus tests a subsurface region fo. 
stresses in the hardened area where the meta] 
able to deform and equalize these concentrated 
Conditions appear to be much more severe in th 

of a single bead than in multipass unrestricted welds 
it is particularly searching as to the effect of hard 


The welding conditions for laying down the bead are , 


aul 


critical; in fact, the things which make a marked ch») 


in the bead-bend test are also those which hay 
with the “weldability’’ of the base metal. That 
say, normalized plate will resist the spread of cracks 
started: a stress-relieved bead will increase thy 
where the first crack appears; laying a bead . 
heated plate will do the same. 


However, the maximum hardness is not clearly related 


to the angle of cracking in the bead-bend and that ; 
sponsible for developing the idea that weldability 


measured by appraising two important characteristics 


(a) The maximum hardness developed just under 
fusion zone, and (b) the ability of the plate to bend 
erably after being notched with a standardized gr 
These two ideas are the basis of two fine pieces of re 
American research. Each is founded on the assu 


that a// engineering steels, carbon or alloy, are welda 


once the are is properly controlled as to voltage, amy 
and speed of travel. Weldability is not measured 
assumed; the problem is to find the correct current 

As remarked above, recent studies of weldability 
the Vickers hardness machine for exploring the h 
of the bead fusion zone and the heat-affected regio: 
base metal. Confining, for the reasons outlined 
our attention to the maximum hardness 1n the bas 
tal, it is obvious to metallurgists but had to be pr: 
some welding engineers that the maximum hardnes: 
der standardized welding routine varies with the 
sition of the steel and its grain size—that is to sa 
the hardenability of the steel as measured ecith: 
Grossmann’s method or by the Jomimy test. Lik 
the maximum hardness in the base metal has be 
perimentally shown to vary with the welding speed 
current in amperes, the are length, the electrode siz: 
the type of coating—all factors involved im the 
and rate of heat input. Finally, the maximum h 
varies with the thickness of the plate, its temper 
and with auxiliary chilling methods—that is, with 
cooling rate after welding. 

This sums up to what might be readily predicted 
metallurgical considerations, namely, that the max 
hardness depends upon the hardenability of the st: 


the heating and cooling cycle experienced by the reg! 


under study. Perhaps it is an oversimplificaty 


such American experts as Hodge, Gibson, Bibber a1 


Warner have been recorded as saying in effect 
‘“weldability is inverse to hardenability,” and a met 


gist might add that hardenability can be expressed qua 


titatively, so weldability also should be definitely 1 
urable. 

Jackson and Rominski have gone so far as to pt 
four grades of steel based on ‘“‘the average hardness 
heat-affected zone.’ See Table 1: 

Much in the same train of reasoning, Wendell F. I! 
associate professor of metallurgical engineering at | 


selaer Polytechnic Institute, and his associates set oul ' 


* Metal Progress Editor's Footnote—Welding dangers are even mor 
fied in the two fillet welds in a T-joint For that reason the A.W 
tentative test for weldability noted in the interpolation above uses 
“to indicate the inherent weldability of a steel" and standardizes « 
for welding and testing Three 1'/,4-in. bend specimens are cut 
joint (originally 24 in. long in '/2-in. plate), bent in a standard fixtur 
the top of the tee is forced back, stretching the fillet welds Maximur 
bending angle for first crack and nature of crack are observed (as ¥ 
hardness survey), but no plan of quantitative valuation is suggested. 
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Table | 
Classification of Weldability (Jackson and Rom 


peratures between 700 and 1300° F. 


inski) by 100 steps, for any plate tempera 


' ture from 37 to 400° F. by 50° steps, 
GRADE AVERAGE BRINELL PREHEAT Stress RELIEF and lor any plate thickness from '/, to 
HARDNESS l'/g im. by '/,-1n. steps. 
= ; Under 200 Unnecessary Unnecessary Two other items are required in the 
Il 900 to 250 Slight, for thick plates | Thick (or thin) parts use of this mass of date a) a Jominy 
11 950 to 325 300° F. All sections end-quench bar of the steel to be 
IV Over 325 | 400° F. | Without cooling from preheat welded, and (4) a knowledge of the 
transformation characteristics (or the 
S-curve) sufficient to indicate the 
‘od the actual relationship between the heat mput of temperature range whereim the given steel transforms 
ormal welding operations corresponding to definite the fastest. The cooling rates to avoid martensite, or to 
cooli rates and hence definite hardnesses and micro give a definite microstructure shown at any point the 
structures in the base metal '/, in. from the fusion zone. Jominy bar, are known because the cooling curves for 
rhe research was under direction of the War Metallurgy various poimts along a Jominy bar have long since been 
Committee and financed by the Chicago Bridge and Iro1 determined. 
Co., the Welding Research Committee of the Engineer \s an example of how these tables may be used, let us 
Foundation and the National Defense Research pese the following problem: What current and voltage 
Council. The experiments were performed on various setting, as well as arc travel, would be necessary to weld 


thicknesses of plain low-carbon ship steel, but sufficient 
work was also done ou low alloy and other steels to mdi 
that cooling rates were substantially independent 
| composition—a finding that was predictable since 
is known that a moderate amount of alloy does not 
hange noticeably the thermal coefficients of steel. The 
research, as published in the Research Supplement ot 
fue WELDING JOURNAL for September 1945, attained its 
neral objective, which was to evaluate the weldability 
ls for the are welding fabrication of tanks, gui 
and other war matériel—evaluating ‘“‘welda 
tv’’ in the sense that the results enable the engineer to 
ct optimum welding conditions as to speed of travel 
the arc, the amperage and the voltage for a given steel 
rhe fundamental assumption is, of course, that any con 
ictional steel is weldable if the correct technique 1s 
own 
fhe experimental work consisted of recording cooling 
urves of points within ship plate located !/0 in. from the 
of the fusion zone of a bead run down the plate. 
It will be remembered that the last bead of a 
multipass weld, or a single bead on a plate, will 
locate the region of fastest cooling (and, imfer- 
entially, of greatest hardening). Cooling 
curves of this sort were made for ship plates 


ot ste¢ 


+ 


a l-in. plate of NE 8620 at room temperature in order 


that the heat-affected zone in the base metal may be com 
pletely free of acicular or martensitic constituent 

that is, have a structure of ferrite and fine nearlite? 
It is known in general terms that the steepest part of the 
curve which plots the hardness along the length of the 
end-quench bar corresponds to a microstructure of half 
martensite and half soft constituent: similarly, less tha 
10°, of martensitic or acicular constituent is found in the 
microstructure at the point where the Jominy hardness 
curve flattens out from the steep portion into deeper r 

gions of low hardness. An actual Jominy curv: le by 
Professor Hess for a heat of 8620 (first coarsened by 
heating to 2100° F.) shows that this transition to low 
hardness (practically complete absence of hard constit 
uent occurred at in. from the end, where the hard- 
less 1S approximately 275 Brinell. Knowledge of the 
S-curve of NE S620 also indicates that the ‘‘nose of the 
S-curve”’ is located between 900 and 700° F., and ref 
erence to other curves giving the cooling rate of the 


Table 2 


Energy Input in 10° Joules per Inch Required to Produce 


Various Cooling Rates at 800° F. 


Top Pass Butt Welds; Plate Thickness 1 In.; Electrode % In 


varving from '/, to 1'/, in. thick, using an 
wutomatic welding head with covered elec- 
trodes '/, or */y§ in. diam., varying the energy CooLINnG PLATE TEMPERATURE, °F. 
between the practical maximum and minimum Rates 
of currents and voltages. Plates were welded F/Sec. | 37 | 72 | 100 | 150 200| 250) 350 | 400 
at 37, 72, 210 and 400° F. =r ee t 

From these curves the cooling rates in | | 
de rrees Fahrenheit yer second could be meas- | | 96.8) 88.0) 80.0 | 72.5 
10 | 115.0) 109.5) 99.8 | 90.6 | 82.5 | 75.4) 68.7 | 62.0 
of the conditions tested. The cooling rates - pens 100.0 90.4 81.6 | 13.8 67.3) 59.4 | 52.5 
were so measured by 100° steps from 700 to | oe 91.5) 83.3 75.3 | 67.7 | 60.0) 52.3 | 45.0 
16 | 96.0| 89.2) 85.2) 77.8! 70.0| 62.3| 54.8| 47.3 | 39.8 
F., and the results correlated to a mathe- 18 | 90.0 95.01 72.01 688| ea al an 
matical equation representing heat transfer 20 «| «83.0 | 
irom a hot spot to a cold region. The various | 50. 77.9| 73.8 66.8 | 59.9 | 52.5 | 45.6 38.6 | 31.7 
coefficients of this rather complicated expo 22 =|: 77.5) 72.4) 69.0) 62.2 | 55.5 48.9| 42.1) 35.7 | 28.9 
nential equation were determined from the 24 | 73.0 | 68.0) 64.6) 58.1 | 51.8 45.3 | 39.1) 32.8 | 26.5 
mass of experimental evidence by the use of 26 | 69.5 | 64.0, 61.0 55.0 | 48.8 | 42.7 | 36.7| 30.3 | 24.5 
graphical and statistical methods. Quantita 28 | 66.3 61.6) 58.3 52.2 | 46.4 | 40.2| 34.5) 28.7 | 22.8 
live expressions thus obtained fitted the ex- 30 | 63.2, 59.0 99.8) 50.0 | 44.1 | 38.5 | 32.8 | 27.1 | 21.5 
perimental cooling rates very closely, and en 35 | 56.8) 52.5) 49.8] 43.8} 38.0| 32.9] 27.9) 22.9/ 18.0 
ibled the data to be extended considerably 40 | 51.3) 47.1) 44.1) 38.9) 33.3 | 28.0 | | 
and interpolations derived so the tables even- 45 | 46.5) 42.6) 40.1) 35.1 | 29.9 | 25.0 
tu uly calculated and published in the report 50 42.3| 38.7 36.0! 31.6 | 27.0 
Pgs any desired information. These 60 35.2 | 32.3) 30.0) 26.0 | | 

ables Show the energy imput required to pro- 70 30.0 | 27.2| 95.1| | 
duce cooling rates of definite amounts at tem- ! 
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Jominy bar ’/ 3 in. from the end shows that this point 
requires 17 sec. to go from 900 to 700° F. Average cool- 


Table 3 
Tests on NE8620 


ing rate, therefore, through the danger zone is 200 17 
or F. per sec. Jominy | Vickers |p... 
Now entering the table shown as Table 2 (worked PosITION* | HARDNESS Ductiuiry}} 
out by Hess and co-workers for l-in. plate at 70° F., _ = 
welded with '/4-in. electrode), giving cooling rates at 2 414 10° Gnd 
SOO” F. the rate of 11.8° F. per sec. is found to correspond 2% 409 10 
to an energy input of 106,500 joules perin. This will give 3 403 11 
the required heat put in by the welding current, no more, 31% 395 11 
no less, so the base metal just under the fusion zone will cool 4 385 12 
at the same rate through the fast transformation tempera- 4% 373 13 
ture range that the Jominy test bar cools at the spot where ; 5 360 14 
its hardness is about 275 Brinell. Assuming an are volt- 6 330) 16 
age of 32'/2, and travel speed of 7.1 in., per min., the am- : 999 20 
perage is readily figured from the simple equation : 268 93 
(joules per in.) X (travel speed, in. per min.) 9 260 94 
60 (are voltage) 10 253 25 et 
Making the necessary substitutions, we get 386 amp. 12 243 an 
as the required current. 14 240 98 ES 
When the welding machine was set to these figures and 16 935 99 
the weld actually made in a butt joint between 1-in. 18 ons 29 
plates of NE 8620, a hardness survey showed that the 20 230 99 
actual maximum hardness was 283 on one joint, and 279 res va rs 
on a second joint—practically a perfect check. fica 
Controlling Ductility and Hardness 
*Distance from end in sixteenths of an inch 
+ Angle of bend of notched bar 
The studies made by Prof. Gilbert E. Doan and his \ ai, 
associates at Lehigh University were also supported by a ee 
the National De fense Research Committee and directed different rate, as in iced brine, cold water, warm v _ 
by the War Metallurgy Committee. They differ from oil, air blast, still air and lime. This will, of course, g e 
the Rensselaer studies principally in introducing the a number of bars of various hardnesses and the du oo 
very important factor of ductility. It is assumed that of each is measured by cutting a standard Izod V 7 
desirable welding will preserve the ductility of the base across the face, and bending it slowly to failure wit! _ 
metal, and it is easily possible that certain base metals notch in the tension side, measuring the angle wher Wy 
retain adequate ductility at a much higher level of hard- first crack appears. These angles are then placed 
ness than others. So much the better; we then willhave graph showing the hardness of the Jominy bar at tly Me 
strong, ductile metal, a very desirable constructional ma- spective positions. Data for a coarsened heat — 
terial. S620 are shown above. wh 
Hardness for various cooling rates can readily be The engineering evaluation of this ductility test "te 
measured by the Jominy test. Ductility corresponding _ be difficult because such tests have not been standard 24 
to definite hardness for definite steels has not ordinarily or widely performed. It will require considerabl neg 
been determined, but Kinzel’s suggestion was adopted rience and engineering judgment, but the spons Xa 
by Doan to measure it thus: A number of long test bars the test believe that a bend angle of 20° is satisfact ca 
are heated to 2100° F. to coarsen the microstructure, ductility for constructional materials and welds possess +: 
cooled slowly to 1500° F. and then cooled each one at a ing that much ductility could be used without stress me 
relief; any material having from 10 t —_ 
Table 4 20° notch bend ductility would a 
Kilowatts for Last Pass Butt Welds in '%-In. Plate 
by Professor Doan and his associate: 
JOMINY | IN. PER Min. Lehigh is similar to the ones prepared Le h 
PosiTION PERATURE | he ee 6 | 8 | to| 12 | 18 Professor Hess at Rensselaer in that | 
gives the number of kilowetts required 
6/16 32°F | 1.6 | 2.4 | 3.2 | 4.8 | 6.4 | go! 9.6! 14.4 for the last pass in butt weids in i 
75 11.5 | 22 | 3.0] 4.5 | 6.0 | 7.5 | 9.0 | 13.5 plate of definite preheating temperature, Th 
200 1.3 | 2.0 | 2.6 | 3.9 | 5.2 | 6.5 7.8 | 11.7 and at given welding speeds, to produc -* 
300 1.1 | 1.7 | 2.2 | 33 | 4.4 | 5.51] 66 | 10.0 cooling rate equivalent to various 
400 1.0 | 1.4 | 1.9 2.7138 | 661 $4 | 8.1 down the Jominy hardenability test rae 
7/16 32°F. | 18/27/36) 54 | 72 | 9.0 | 10.8 | 16.2] (A portion of this master table is rep: 
75 1.7 | 2.6 | 3.4] 5.2 | 6.8 | 8.5 | 10.2 | 15.3 duced in Table 4.) It is assumed that a 
200 15 | 23 | 30 | 45 | 6.0 | 7.5] 9.0!13.5§ base metal does not evolve gas on m 
300 1.4/2.1 12.7 | 4.1 | 5.4 | 7.0 |” 8.2 (2.3 ing, is not laminated, is not hot short oy 
400 1.2 11.8 | 2.4 | 3.6 | 4.8 | 6.0 | 7.2 | 10.8 has satisfactory notch-bar strength 
8/16 32°F. | 2.0 | 3.0 | 4.0 | 6.6 | 8.0 | 10.0 | 12.0 | 18.0 as-used condition; in these respects 
75 19/129 \38 15.7 176! 95/114 70 requirements are similar to the Swis: 
200 18126!135 153170! 105 58 specification mentioned. 
300 16 | 24/32/48 164! 80! 96/144 The master table is based on the 
400 15 | 23 3.0 | 4.5 | 6.0 | 75! 9.0 13.5 bead or last pass on a 
| joint, and an additional factor ca 
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+ oeometry’ is necessary for thicker plates or 


es of joint. These geometry factors were 
iter a considerable amount of experimentation, 
the principle that the higher the rate of heat 
slower the cooling rate at the critical spot. 
etry factor is directly proportional to plate 
for instance, the bead on a 1-in. plate (or 
ss on a butt weld) requires twice the heat that 
din the '/s-in. plate to produce the same cool 
onder the weld as in the '/s-in. butt described 
ble: that is to say, a l-in. butt has a geometry 
» Similarly, the first pass im a V- or U-weld 
eds 5° less heat than the bead on the corresponding 
the first pass fillet or lap weld requires 50°, more ; 

Gest pass in a V-weld with a backing strip needs 
re than the basic amount shown in the master 


Let us see how Lehigh data would handle the prob 
sed above, namely, a butt weld in 1-in. plate of 
VE 8620 welded at 75° F 
\sscurming this to be a new steel or a questionable 
id steel, a Jominy bar ts tested, the metal first 
» been coarsened by heating to 2100° F., and other 
rsenied bars heat treated, notched and bent as above 
licated. The hardness vs. ductility relationships 
this way are given in the three columns above, 
it is evident that a good combination of hardness 
nd ductility (22°) is had "/s. from the end of 
Tominy bar. 
We now enter the master table to find the kilowatts 
ecessary to produce the same cooling speed as exists 

» from the end of the Jominy bar. A faster rare 
would give harder and less ductile metal.) Assuming 
welding speed of 7 in. per min., the tabular value for 
plate at 75° F., ' from the end; is interpolated as 
4300 watts. This would be correct for a butt weld 

»-in. plate, but since we are welding a 1-in. plate, we 
vea geometry factor of 2, which means that the required 
watts is twice 6300 or 12,600. Assuming a voltage ol 

2', the same as in the original problem, the necessary 
ny ge is 385, which checks the Lehigh solution. 

It should be emphasized that the methods developed 
wth at Rensselaer and at Lehigh are intended as a guide 
he “weldability of the base metal as influenced by 
its reaction to the heat of welding in the region adjacent 

} the weld metal, and definitely not as a guide to weld 
ing in its totality."’ Conditions may easily be hypoth 
ecated which would demand such high currents and slow 
speed is to introduce even more serious problems with 
respect to the deposited metal. Both methods are based 
m cooling cycles to prevent high hardness; at Rens 
selaer the cooling curves actually were measured; at 
Lehigh University the cooling curve for a definite hard 
ness under a weld in a given steel is assumed to be the 
same as the cooling curve of the poimt in the Jommy 
specimen having corresponding hardness (whose cooling 
curve has been worked out by others for other purposes 
lhe Rensselaer method enables one to predict fairly 
iwcurately the cooling rate of the dangerous region im 
the base metal at any given temperature level, and a 
fairly high degree of metallurgical intelligence is needed 


mpera 


t 


to predict this region from the S-curve of isothermal re uw Editor's Note aie tiecint 
ction and relate this with the resulting microstructure 

ind hardness.* It, however, might be useful im cases m PI 

Where it is suspected that the cooling rate through Corp. Research Laborat . 
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the critical temperature Zone 1S different in a weldn 
than it would be in a Jominy test pieces at the spot 
equivalent hardness, and likely will be favored im studi 
of the high alloy steels where a given hardness 1s 
various mixtures of fine pearlite, bat 
martensite and retaimed austenit 

The principal advantage of the Lehigh method is 
that it correlates, apparently for the first time, the very 
important factor of ductility, 
ured and not merely inferred as being inverse to the 
hardness ol steel 

Naturally, as good predictior 
and practice as was found in the illustration given cat 
not always be expected: nevertheless, th tables will 
undoubtedly be exceedingly valuable for “‘desk work 
in a preliminary study of any new design im any new 
material 


SESS¢ d by 


which is actually meas 


ireement betwee 


Likewise, the tabulations can be utilized fot 


the solution of other problem [The Lehigh tabl 

require that the geometry ol the weld and the process 
be given. The factors that may or may not be know1 
are the material and the ductility; for this an assemblage 


of Jominy curves ind corresponding ductilit’ tests. as 
well as industrial experience ind judgment, 1s er 
helpful. Thereupon the current, voltag ind speed 


mav alwavs be determined 

In addition to the class of problem shown above, 
factors in other problems might be as follows: Given th 
geometry, process and material, to fn d the ductility and 
the procedur the geometry und th process to find 
the ductility, material and procedure \nother imbherent 
value of the system is the opportunity for checking mdivid 
ual heats of steel against expected performance nm 
running the Jominy end-quench test and a series of bend 


tests 


Conclusion 


In retrospect, it 1s apparent that weldability 


still eludes a quantitative measurement, except as the 
| | 


inverse of hardenability Perhaps it does not need re 
emphasis that a successtiul welded structure-——bridge, 
ship, gun mount, pressure vessel or whatever—1s some 
thing more than a series of well-made welds luctile 
steel Even when attention is focused on a single jomt 
in a successful structure, it is found to be the compley 
result of dozens of factors. Separating those tactor 


process, equipme! t, 


which have to do with the welding 
erator from those which |} e to do with 


| 
the response Ol the base metal to heat and str 
at last able to get a clearer view of what weld 
of base metal’ means Experience and logy | 
cate that anv steel alloy which can be forged 
into useful metal has the inherent characterist: 
enable it to be joined by fusion welding In oth 

1 


all constructional steels are weldable Che rece 
bv Hess at Rensselaer and Doan at Lehigh h 
fixed quantitatively the relation between thi 
put of arc welding and a predictable effect 
and ductility of the base metal alongside the tus 
This is inde ( d a notabl ady ance. 
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The Effect of Peening as a Method of 
Stress Relieving Applied to Welds 


By O. H. Henry* and E. M. Daman+ 


Summary 


N THIS report are summarized the data obtained in ae 

the first of a series of investigations on peening, now i en 

in progress at The Polytechnic Institute of Brooklyn. 
The purpose of the present investigation was to establish 
the relative importance of rate of peening on the amount 


of stress relief accomplished by the application of this =e 
method. By keeping welding conditions, temperature l 


and degree of peening constant, it has been established 
that the optimum rate of peening for a 1-in. single-V arc- 
welded structural steel plate (peened while hot) is 2 min. 
per foot. The numerical value obtained in this investiga- 
tion serves to show that in general, in addition to factors | 
such as temperature and magnitude of blows, its rate of | | 
application, too, must be given due consideration, if 

maximum benefit is to be derived from the use of peening if D, 4 
as an effective stress-relieving method. 


Specimens 


The specimens were produced from structural steel 
plate and measured 4 X 12 X lin. After subjecting 
them to a stress-relief heat treatment (1 hr. at 1200° F.), oe 8 
one edge of each plate was beveled at 30° along the 12-in. 


(a) 
dimension. Thus, when two of the plates were placed 
side by side a 60° single V-groove was produced. Fig. 2 
® Associate Professor of Metallurgical Engineering, Polytechnic Institute (a) Layout of specimen. (b) Specimen after slotting 


of Brooklyn 
t Former student at The Polytechnic Institute of Brooklyn. 


Side View 


Top View 
Fig. 1—Peening Tool 
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Rate of Peening,* 


| Not Peened 0.175 0.156 
9 Not Peened 0.145 0). 084 
‘ 2 0.080 0.042 

{ y 0.060 0.020 
5 3 0.105 0.095 
6 3 0.125 0.105 
7 4 0.140 0.110 
8 4 0.120 0.090 
q 5 0.123 0.100 

10 5 0.157 0.084 


*Sneed of ram of air hammer = 10 cycles/sec. 
+ See Fig 4. 


Welding Details 


All arc welding was done at The Polytechnic Institute of 
Brooklyn, Industrial Laboratories. The V-groove was 
filled in 7 passes, with a heavily coated electrode (A.W.S. 
E 6020 grade) */15 in. diam. (200 amp.). The weaving 
welding technique was used exclusively. Although the 
plates were rigidly clamped during welding and while 
cooling, some warpage took place. However, in so far as 
ul specimens were distorted to approximately the same 
extent, this factor was not considered in comparing the 
results obtained. 


Peening Technique 


Peening was applied with a pneumatic hammer by 


means of a round-nosed tool, Fig. 1. A constant air 
pressure of 70 psi. was maintained and the hammer was 
moved as uniformly as possible along the weld. The 
first and last layers were not hammered. Peening was 
applied immediately after deposition of each layer but in 
all cases, it was preceded by a cleaning operation. 


Test Procedure 


The layout of the specimens is shown in Fig. 2 (a). 
Reference marks were drilled on either side of the weld 
in accordance with the specifications given in Fig. 2 (0). 
Then a slot 5 in. long was cut '/; in. from the weld (along 
the heat-affected zone) by means of a */s-in. milling 
cutter (Fig. 3). The distance between reference holes 
was measured before welding and after cutting and the 


BERRY GAGE 


Fig. 3—Strain Gage Inserted in Center Drilled Holes 2 In. 
Across Weld 
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Table | 


Strain Gage Reading, In 
Min./Ft. dD, dD, D 


EFFECT OF PEENING 


Decrease in 
Distortion (Not 
Peened Minus 


Per Cent Decrease 
in Distortion 


Average Peened Due to Peening 
0.07) 
0.0403 0.073 64.5 
om 0.0816 0.0317 28 
0.0826 0.0307 27 
0.0925 0.0208 18.3 
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RATE OF PEENING IN MINUTES PER FOOT 


Fig. 4— Result of Tests 


difference between the two measurements was recorded 


as the distortion, due to welding and peening. All 
measurements were made with a 2-in. Berry strain gage. 
(See Fig. 3). 


Conclusions 


The recorded data are listed in Table 1, and the per 
cent decrease in distortion from the as-welded specimen 
at various rates of peening is represented in Fig. 4. The 
results show that, all other conditions being kept equal, 
a 35 to 45% greater relief of residual stresses may be ac 
complished at a peening rate of 2 min. per foot than at 
the rate of 3, 4 and 5 min. per foot. 

The numerical results obtained apply only to the ma- 
terial and test conditions used in the present investiga- 
tion. Nevertheless, it appears likely that an optimum 
rate of peening at different temperatures also exists for 
other materials and thicknesses. This leads to the con- 
clusion that in addition to factors, such as temperature 
and magnitude of blows, also the rate (number of blows) 
at which a peening operation is performed appears to be 
a controlling factor and must be given due consideration 
if maximum benefit is to be derived from the use of 
peening as an effective stress-relieving method. 
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By Ralph E. Spaulding* 


welding engineers in the peening of welds to — structure. 


Stress-Relieving and Peening 
Temperatures 


ECAUSE of the present interest shown among over-all treatment is rarely possible in the 


eliminate objectionable locked-in stresses the Where it is desired to take out the high 
writer thought that perhaps those of the readers of Tue shrinkage stresses by peening it seems obvi 
WELDING JOURNAL who had not previously seen it would ‘Fig. | that the most satisfactory temperature t 
be interested in the temperature-strength curve of the this work would be where the yield strength is 1 
base metal ordinarily used. This is shown in Fig. 1. low as compared to the ultimate strength of 
These curves of Fig. | were made up from a composite metal. This would require cold working of 
of many tests of the same grade of structural steel (which metal. Technically, cold working does not meat 
accounts for its relative smoothness). The unbroken the metal at 
lines indicate that position of the curve which was made with the hand but working at any temperatur 
from actual tests and the dotted lines are the estimated — than the critical temperature of the metal. Cold 
continuation of such curves. With reference to the yield is one of the oldest of processes for condition 
strength curve it will be noted that there is a ‘hump’ in as for example, from the cold drawing of wire to t! 
this curve which is maximum for this particular material ing of sword. 
at about 900 or 1000°. This indicates the creep tem working (that is working 
perature of that metal. If a welded assembly is heated, critical temperature of the steel) causes a pern 
as in annealing furnace, to above this creep temperature deformation resulting in increased hardness, stre 
and held at that elevated temperature for a sufficient and elastic limit but in decreased ductility. | 
length of time the locked-in stresses in the assembly will therefore seem 
become eliminated by creep and relaxation. Such hesitancy regarding the cold working of the wel 
le, Fla . (within the proper limits of temperature) as a 


a temperature cool enough to be 


According to the best authorit: 
temperatures bel 


the writer that there should 


* The Aetna Steel Company, Jacksonville 
t Sauveur, Albert, The Meta ind H 7 en lron and St 
McGraw-Hill Book Co., Inc. New York, 1938. eliminate objectionable locked-in shrinkage stresses 


VARIATIONS IN PHYSICAL CHARACTERISTICS 


STRUCTURAL STEEL DUE To TEMPERATURE CHANGES 
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Shrinkage Stresses in Welding 


A Review of the Literature from January 1, 1937 to 
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Summary 
Introduction 


In American nomenclature ‘Shrinkage Stresses’ 
covers what may be subclassified as: (a) shrinkage stresses 
proper—in analogy with the process taking place in cast 
iron where changes in structure cause change in volume; 

b) reaction stresses—which are conditioned by the free- 
dom or lack of it, of welded members to move (expand) 
as a whole and (c) restraining stresses—due to the re- 
sistance offered by rigid surroundings to the free ex- 
pansion of the red-hot weld zone. 


Butt Joints 
Gas and Arc Welds Made Without Restraint 


Investigations of the residual stress in plates welded 
without mechanical restraint have shown that, irrespec- 
tive of the welding procedure employed (step back or 
continuous), the maximum parallel or per 
pendicular to weld—are smaller, as a rule, in oxyacetyl- 
ene welding than they are for arc welding the same 
thickness. 

Examination of single-V arc welds in 1-in. boiler plate 
0.10 C) made in 16 layers with covered electrodes, 
indicated compression in or slightly below the middle of 
the weld, and tension at the root and surface (9000 to 
10,000 psi.). In gas welds these stresses were low. 
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In relatively thin plate (0.072 in.) of mild steel, joined 
together by a single-run are butt weld, there was con- 
siderable shrinkage at right angles to the direction of 
weld but fairly low residual stresses (4000 psi. tensile) as 
contrasted with low shrinkage and high residual stress 
(25,000 psi.) parallel to the weld. 


Arc Welds with Restraint 


One investigator measured, by the subdivision method, 
the stresses due to welding of two low-carbon, struc- 
tural grade, rolled steel plates, 36 x 12 x 7/is in. The 
plates were 45° beveled, then clamped down, tacked and 
butt welded together by an automatic process (covered 
electrodes) depositing the weld in one pass. The resid- 
ual stresses parallel to weld had a maximum value of 
16,000 psi. in the middle of the weld. Moving away 
from the center line of the weld, the stress, measured in 
increments of '/, in. over the 2'/2-in. span of the strain 
gage, dropped off at the outer edge of the weld to an 
average value of 41,000 psi. at the fusion line. The physi- 
cal properties of the as-welded specimen were 49,000 
psi. tensile strength, 22.5% elongation in 1 in., 37.2% 
reduction of area. Stress relieving for 30 min. at 1150° 
F., reduced the value in the middle of the weld from 
46,000 to 4000 psi. 

An investigator found stresses of 21,700 psi. in single- 
run V butt welds (parallel to weld) in boiler plate '/» in. 
thick which increased to 28,800 psi. for multiple runs. 

In welding circular patches in a circular plate 19.6 in. 
diameter, 0.79 in. thick using a 70° X weld, the peak 
tangential stress was approximately the same regardless 
of the size of the patch and occurred directly in or near 
the weld for the larger patches and slightly offset toward 
the center for the smaller patches. The amount approxi- 
mated the yield point of the base material or the weld 
metal—whichever was lower. The radial stresses, on 
the other hand, were dependent on the condition of 
restraint which was larger in the smaller patches. Ex- 
cept for conditions of high degree of restraint the radial 
stresses were much less than the tangential stresses. 


Unionmelt 


Comparative unrestrained welds were made by 
Unionmelt and hand welding in high-strength low-alloy 
steel St 52 (0.19 C, 1.15 Mn, 0.40 Si, 0.35 Cr, 0.50 Cu). 

-After welding one side, the longitudinal stresses in 
the Unionmelt were considerably higher than in the weld 
made by manual are-welding process. When welding 
on the second side was completed, the peak stresses next 
to the weld had been reduced to approximately the same 
value as for hand welding. However, no details are 
given on the manual welds and more recent unpublished 
data indicate that stresses from Unionmelt welds are not 
higher than with hand welds, even on one-side welding. 


Fillet Welded Joints 


The stresses in fillet welds in thin plate 14 S.W.G. 
with stiffeners are much smaller than butt welds but may 


assume values equal to the yield point parallel to the 
weld. 


Welded Bridge Girders - 


Residual stresses have been studied in girders made 
up with webs joined to flanges by butt welds and deep 
girders by two tee sections joined to a flat plate giving 
the girder the required web depth. In the former case, 
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the condition of restraint was greater, hence th, 
stresses were greater. The effect of these st; 
the behavior of the girder under service stress 
known. Nevertheless one set of investigators 
with the following cautions: 

The procedure should be so selected that (, 
residual web-flange restraint remains small: rre 


bending distortions (which may give rise to conside 
tensile stresses) in the flange weld zones are w 
viated and (d) the danger of cracks in the root |, 
especially present at the start of welding operations 
avoided. 


1$ 


Welded Cylindrical Members 
Pipes 


One group of investigators measured the longitudinal 
and circumferential stresses in seamless steel pipe 
C max.) 9 in. and 20 in. in diameter. The results ; 
vealed max. longitudinal stresses varying from + 24 (\(\ 
to +50,000 psi. and max. circumferential stresses rang 
ing from 13,000 to 32,000 psi., the smaller values in each 
case being in the smaller diameter thinner-walled pis, 
Stress relieving at 1200° F. reduced the residual stresses 
to 15-25% of the initial values. The authors were 
disturbed to find a longitudinal stress of 50,000 psi.—: 
value that is above the yield point of the pipe and weld 
materials. This stress was attributed to deficiency in 
the method of calculations, to locked-up stress in the 
original pipe prior to welding or to strain hardening 

However, one of the authors of this review believes 
that inasmuch as the yield point is a function of restraint, 
in some places the yield point, as determined by a small 
specimen, could be exceeded. 

High-reaction stresses (16,000 psi.) can be produ 
in a rigid pipe assembly of low carbon (45,000 to 50,(\) 
psi. ultimate strength) throughout the pipe lengt! 
Local stress relieving may double these stresses. 


Tubes 

By depositing a single longitudinal bead on specimens 
cut from S.A.E. X-4130 steel tubing (0.083 in. wall 
thickness, 1°/, in. O.D.), it was found that the residual 
stresses after welding varied directly with the amount 


of residual stresses contained in the tube before welding 
the latter being due to manufacturing methods. The 
effect of welding on the manufacturing stresses 1s the 
same as a local anneal. In this type of tubing having 
110,000 psi. ultimate and 90,000 psi. yield point, gas 
butt welds produced circumferential compression ad- 
jacent to the bead of 15,000 to 20,000 psi. and tension 
in the deposited metal about 25% higher. 


Beads Deposited on Surface 


Welded beads on the surface of 0.43-in. thick plat 
produced residual stresses of 44,000 psi. next to tie 
weld which probably equaled or exceeded the yield pot 
of the material as determined from an ordinary specie! 


Beads Deposited on Edges of Plate 


A bead deposited on edge of plate causes residual 
stresses equal to or slightly greater than the yield po 
and, of course, cannot be affected much by the rate ol 
heat input. However, larger rates of heat imput '- 


crease the residual stresses on the opposite edge 0! te 


plate. 
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preheating the plates to 392° F. lowers the residual 
to 75% of the nonpreheated plate. 


Preheating 


iting at 392° F. (200° C.) is effective in re- 

, residual stresses and in preventing cracking. 

vestigator believes that residual stresses rather 

hardness is sometimes responsible for low values in 

| bend tests and that greater bend angles can be 
by some preheat (392° F). 


Stress Relief by Thermal Treatment 


Codes governing boiler drum construction and some 
classes of pressure vessels require relief of residual 
stresses by thermal treatment. Other structures sub- 
jected to impact stresses and requiring dimensional 
stability are also required to be given a stress relief 
thermal treatment. For mild steel the temperature is 
usually 1150° F. and the hold time 1 hr. per inch of 
thickness with a minimum of 1 hr. The temperature 
must be raised reasonably slow as any differential in 
cooling rates due to variation in thickness of parts or 
rates of cooling of parts may cause distortion or new 
residual stresses. Some alloys require higher tempera- 
tures or longer holding times. 

[he theory associated with stress relieving is fairly 
simple. At these elevated temperatures the yield point 
is reduced, plastic flow is expedited and the stresses are 
reduced to the yield point of the material at the tempera- 
ture in question. Greater holding time permits further 

creep’ to take place. 

rhis stress relief treatment also has the advantage of 
reducing extreme peaks of hardness. 


Stress Relief by Peening 


Peening relieves the restraint causing residual stresses 
by bringing the stressed weld metal above its yield point 
ind adjusting the stresses proportionately to the amount 
if flow produced by the peening operation. 

It is effective in preventing cracks in thick-walled 
pressure vessels when using the multilayer welding tech- 


nique. A comprehensive discussion of the technique of 
peening and its effect on the relief of residual stresses is 
given in another review of literature and will not be 
repeated here. 


Behavior of Residual Stresses Under External Load 


[he mechanism of stress relief by overstress is de- 
pendent exclusively upon the condition set up to promote 
plastic flow under the combined effect of applied and 
residual stresses. Thus, plastic flow and relief of 
residual stresses are closely related: stress relief occurs 
because plastic flow sets in and conversely, plastic flow 
‘tarts as a result of the combined effect of working and 
residual stresses. 

The consensus regarding the ‘‘removing’’ of residual 
stresses by means of overstressing is quite undecided. 
Nevertheless, it does not preclude the possibility of 
ising overstressing as a means of replacing the existing 
tate of residual stress by another more favorable with 
respect to the working stress, nor as a means of cutting 
lown the peak of the stress. 

_In tension, peaks of residual stresses are reduced as 
‘te external load is increased. The final stress pattern 
1944 
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may represent very low stresses if the external load 
approximates the yield point of the material. 

Most fatigue tests of specimens reported in the litera 
ture where residual stresses was a factor have been such 
that plastic flow could take place. The first few cycles 
of stress ironed out the peaks of residual stress and the 
fatigue test results were consequently the same for 
specimens with or without residual stresses. 

Results of tests by several investigators point to the 
fact that in all likelihood the residual stress will be of 
little importance on the fatigue of specimens if the 
fatigue limit in pure reversal is higher than 0.6 yield 
point. According to several authorities, this value is 
likely to be exceeded in most of the specimens of rolled 
steel—normalized as well as treated, when tested without 
notches. Little is known, at present, regarding the 
behavior in fatigue of notched specimens containing 
residual stresses. 


Behavior under Tensile Load 


Effect of Residual Stresses on Tensile Properties.—(a) 
The maximum permanent deformation produced by the 
application of a given amount of external load undergoes 
no further change upon maintaining at or reloading to 
the same amount of load. (b) Residual stresses have 
only a negligible effect on the yield point and tensile 
strength of soft steel weldments. (c) The total or local 
permanent deformation which occurs at lower than per- 
mussible tensile loads does not constitute a dangerous 
factor regarding the safety of the welded construction; 
on the contrary, such a phenomenon is indicative of 
reduced residual stresses. 


Behavior Under Alternating Load 


Effect of Residual Stresses on Buckling.—Residual 
stresses due to welding (providing it does not cause 
eccentric action due to distortion) do not have an ad- 
verse effect on the critical resistance to buckling of duc 
tile materials. There is still some doubt as to the effect 
of residual stresses on fatigue properties of structures 
where the degree of restraint is such that plastic flow 
cannot readily take place. Even sections of considerable 
size and restraint such as beams and trusses have shown 
no significant difference due to residual stresses. 

Effect of Residual Stresses on Impact.—The research 
information in this field is very meager. The most 
striking example of bad effects occurred in the dropping 
of a pipe section 30 ft. in diameter 2 in. thick (0.34 C) 
steel through a distance of 15 in. with failure of the sec- 
tion whereas a similar section which had been stress 
relieved was badly distorted but did not break. 


Cracks 


The formation of cracks is usually associated with a 
combination of unfavorable factors possibly appearing 
simultaneously and increasing each other's effects. In 
many instances it is impossible to tell with a fair amount 
of certainty which of several factors has initiated a crack 
in a specific case. 

As in any discussion of cracks in welding, the important 
factors to be considered are the metallurgy and physical 
properties of the welded joint. Nevertheless, shrinkage 
stresses by a combination of their magnitude and distri 
bution are a major contributing factor in starting a crack 

If in any given case the flow stress required to produce 
plastic deformation is greater than the resistance to co 
hesive failure, plastic flow cannot take place and brittle 
fracture will ensue in what is normally thought of as 
ductile material. 

Apparently then, the problem is one of determining 
the conditions under which the normally expected plastic 
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flow of the material is inhibited—thus promoting the 
formation of cracks. Such conditions are frequently 
observed in structures subjected to external loading in 
which tensile shrinkage stresses due to welding often 
are maximum in the vicinity of the weld, and generally 
act in two or, in thick material, three directions. The 
combined effect of the multiaxial tensile shrinkage 
stresses and the stresses due to external load may become 
sufficiently high for rupture. 

Usually a crack due to residual stresses makes its 
appearance on the cooling of the weld or subsequently 
on a further drop in temperature on a cold day. These 
cracks are not always easy to detect. 


Crack-Sensitivity Tests 
The main body of the review gives brief description of 


Introduction 


HERE is probably no single unsolved problem 

in the welding field approaching in importance 

the problem of thermal stresses, or residual 
stresses as they are sometimes called. Although a great 
deal has been written on this subject during the past 
few years, some phases of this problem are yet too 
seriously complicated to permit generalization. The 
exact nature of the thermal residual stresses is not fully 
understood and little information exists on the variation 
of stress in a welded part throughout the process of 
welding; it is only the stress in the finished weld after 
cooling down to ambient temperature that has been 
given some consideration. 

The fundamental cause of residual stresses in welding 
is the nonuniform distribution of temperature which 
causes irregular expansions in different parts of the 
metal, and stresses may be set up if the subsequent 
contractions are impeded. Shrinkage arises in all weld- 
ing but it does not necessarily involve shrinkage stresses. 
While the shrinkage per se is harmless, the stresses due 
to shrinkage are, as a rule, undesirable. 

In American nomenclature, the term “Shrinkage 
Stresses’’ covers what may be subclassified as: (a) 
shrinkage stresses proper—in analogy with the processes 
taking place in cast iron where changes in structure 
cause change in volume; ()) reaction stresses—which 
are conditioned by the freedom, or lack of it, of welded 
members to move (expand) as a whole and (c) restraining 
stresses—due to the resistance offered by rigid sur- 
roundings to the free expansion of the red-hot weld 
zone.” 

Some theories on the variation of stress in a welded 
part have been discussed in an earlier review! in which 
are also summarized the experimental results of in- 
vestigations appearing in the world’s literature up to 
January 1, 1937. 

The preseut report represents a critical digest of the 
literature on residual stresses from 1937 to September 
1943. American and foreign publications which, be- 
cause of war conditions and restrictions, are unavailable 
at this time will be made the subject of a limited review 
at a future date. 


Butt Joints 


Gas and Arc Welds Without Restraint 


Previous investigations! of the residual stress in plates 
welded without mechanical restraint have shown that, 
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Shrinkage Stresses in Welding 


the various types of tests, specimens and schemes , 
test the effect of residual stresses against restrai: 


Theoretical Aspects 
Elastic Deformation 


A number of investigators have found that residy,) 
stresses were not equally distributed throughout ¢h, 
thickness of a section. Moreover deformations are yo) 
uniform. Plastic flow in many cases is likely to }y 
greater at the surface. Upon exceeding the elastic lim; 
the core of the specimen is stressed higher and the surface, 
lower than indicated by the ratio of load over eros 
section, the state of stress is no longer a uniform 
uniaxial tension. 


irrespective of the welding procedure employed ste; 
back or continuous), the maximum stresses—paralle! or 
perpendicular to weld—are smaller, as a rule, in ox) 
acetylene welding than they are for are welding th 
same thickness. 

This relationship has been confirmed once again in « 
comprehensive investigation conducted by Eskilso 
He used boiler plate (1.10% C) specimens 11.8 x | 
1 in., made by welding two plates of half the width 
Four plates were single- or double-V joined in the center 
partly by arc welding and partly by oxyacetylene weld 
ing. The gas welds were made with a torch consuming 
71 liters (4231 cu. in.) acetylene per hour and a wedg 
was used to maintain spacing. Stabilend No. 6 ek 
trodes (200 amp.) were used for the arc welds which wer 
forked to maintain a spacing of 0.12 in. The total scar! 
angle was 60°. The V joint (arc weld) was filled wit! 
20 runs; the X joint (arc weld) was made in 16 layers 
alternately on either side of the joint. The purpos 
the investigation was to ascertain the ‘‘turning bending 
shrinkage stresses arising from the turning and bending 
effect caused on the edge of the joint by a transversal 
shrinkage unevenly distributed in the direction of th: 
depth of the joint. 

The stresses were determined by the subdiviswi 
method, the test piece being released from tum, 
shrink stresses by means of 0.04-in. broad, saw-file cuts 
Slots 0.04 in. deep, were sawn alternately on either 
(at edge of weld, 0.59 in. from center line) until on! 
tongue 0.16 in. thick, in the middle, held the we! 
one part of the plate. The distance between refere! 
marks (small conical holes drilled in the suriac 
distance of 0.12 in. from one another) was measur 
before and after cutting. The ordinates of the 
diagrams reproduced in Figs. 1 and 2 were obtain 
marking off the changes in each three-hole distance: 
joining up the middle points of each 0.36-in. leng' 
tension as negative ordinate and compression as p' 
ordinate. The curves shown in Figs. 3 and 4 we! 
tained in like manner except that the ordinates 
marked off horizontally with tension stress to t! 
and compressive stress to the right. The distribute’ 
of the stress around the cut is indicated by dott 
as the measuring holes could not be used and 
quently, the stress could not be determined w: 
same degree of certainty as at the other places. 

The results, Figs. 1 to 4, disclose that the turnin; 
ing stresses are, in general, very insignificant 
oxyacetylene weld as compared with those in 
weld and in so far as they can be read off, they ap 
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Electric arc weld. 


Electric arc weld. 


| 
0.116 inch = 10,000 lbs/in . 0.116 inch = 10,000 lbs/in*. 

fig. 1--Turning Bending Shrink Stresses in a Single-V Gap Fig. 2—Turning Bending Shrink Stresses in a Double-V Gap 
Drawn at Right Angles to Direction of Stress. Eskilson” Drawn at Right Angles to Direction of Stress. Eskilson® 


an opposite character. The stresses in the arc- corded were: compression = 6000 psi. in the middle, 
lded single-V joint indicate, according to Fig. 3, a tension = 5000 to 14,000 psi. near the surfaces 
= strong compression in or slightly below the middle of the Considerably smaller stresses exist in the oxyacetylene 


veld, the maximum value being 19,900 psi. The upper weld and as already mentioned, they appear to be of an 
ind lower surfaces of the plate and especially the root of opposite character to those in the arc weld, that is 

the weld are in tension, the stress varying from about tension in the middle and compression adjacent to the 
900 to 9900 psi. The stresses in the double-V arc- surfaces. This particular stress distribution in the gas 
welded joint are of the same character but somewhat. weld is not unexpected in view of the fact that the sur 
smaller than in the single-V joint. The values re-~ faces of the weld having cooled quicker than the interior, 
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Oxy-acetylene weld. Electric arc weld. 


0.090 inch = 10,000 lbs. /in®. 
fig. 3—Turning Bending Shrink Stresses in a V Gap Drawn Parallel to the Direction of Stress. Eskilson? 
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Oxy-acetylene weld. Electric arc weld. 


0.090 inch = 10,000 lbs/in*. 


Fig. 4--Turning Bending Shrink Stresses in a V Gap Drawn Parallel to the Direction of Stress. Eskilson: 


tensile stresses arise in the inner part that cools last and _ tensile properties due to the normalizing effect produc: 
compression in its other parts. Subsequent tests using by each deposited run on the adjacent material, no ad 
0.10% C steel specimens 11.8 x 5.9 x 1 in., yielded the vantage can be expected by multilayer welding unl 
results listed in Table 1. The specimens were welded the dimensions of the work piece are substantial e1 


freely placed. The shrinkage stresses caused by arc to withstand the higher shrinkage stresses which will 
welding were 300 to 600% higher than those by gas invariably be produced by this method. 
welding. 

Another series of tests was carried out by Eskilson? In an investigation conducted by Lance Marti 


on boiler plate (St 37) specimens 40 x 10 x 0.49 in.  single-run butt weld was made between two squa! 
Gas welding was accomplished with a rod designated as edged, unannealed mild steel plates, each measuri 
GV2, 0.16 in. and 0.17 in. diameter, single-run, 60° V, 9x 3 x 0.072 in. Highly polished surfaces 2 
0.12 in. root spacing. The arc joint was made in 1,3 or wide, were prepared on each face of the central porto! 
9 layers using covered electrodes. All specimens were of both plates before tack welding them in the posit 
annealed prior to welding by heating for 20 min. at about shown in Fig. 5. The assembling jig provided 
680° C. The residual stresses, Table 1, became pro- chanical restraint to the joint during welding. St 
gressively higher with larger number of runs. This led gage lengths of about 2.013 in. marked off on the polis! 
the author to conclude that despite the improvement in surfaces at '/,-in. intervals, were carefully measur 


Table 1—Shrinkage Stresses in Unrestrained Oxyacetylene and Gas Welds Made in Boiler Plate, Eskilson’ 


Kind of Plate No. of Length of Shrinkage Stresses, Psi 
Shrinkage Joint Thickness, In Runs, Are Weld, In. Gas Ar 


Turning- V 1 20 40 3400 (max.) 15,070 
Bending xX 1 16 40 3130 (max.) 10, 101 
Vv 0.5 l 40 18,500 16,8 
Longitudinal V 0.5* 3 40 18,500 28, 
Vv 0.5° 40 18,500 > 28,5! 


* Stabilend electrode (200 amp.), 20 runs 
+ Shrinkage taking place in the longitudinal direction of the joint (or along the weld). 
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Fig. 5—Residual Strains in the Central Transverse Section of a 
Single Run Butt Joint. Lance Martin’ 


both the longitudinal and transverse directions before 
and after welding. The difference in readings were 
taken as residual strains in terms of the micrometer 
divisions of a comparator (see section on Edge-Welded 
Plates). Both the longitudinal and transverse measure- 
ments are shown in Fig. 5, the transverse curve being 
obtained from the measurements by a differential 
method. The residual stresses, Fig. 6, were obtained 


by the subdivision method.! 
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Fig. 6—Residual Stresses in the Central Transverse Section of a 
Single Run Butt Joint. Lance Martin® 
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Examination of the strain curve, Fig. 5, shows that 
most of the transverse shrinkage takes place in the zone 
adjacent to the weld. Also of interest are the small 
values of the transverse stresses Y, (4000 pst. tensile) as 
opposed to the large shrinkage in the same direction, 
and the large values of the longitudinal stresses X, 
(25,000 psi.) as opposed to the small shrinkage in the 
same direction (Fig. 6). The slight want for symmetry 
between the two sides of the joint is due, according to 
the author, to the electrode having been kept nearer to 
the left-hand edge of the joint throughout its passage 
along the gap which, after tacking, was found to be 0.012 
in. wide. 


Arc Welds with Restraint 


An investigation to determine the stresses which are 
set up at right angles to a butt weld in °/,-in. thick mild 


Griffith 


Fig. 7—Details of Plates. 


steel (0.259% C) plate (60,000 psi. tensil was 
carried out by Griffith.‘ The research involved work 
on a total of 17 welded plates and two test coupons of 
the plate metal alone (unwelded), all taken from the 
same stock. The various procedures and treatments 
employed included the use of high, low and normal 
currents, very small electrodes, stress relieving (1 hr 
at 1150° F.) before machining and also prior to welding 
as well as hot peening (no details). 
specimens, Fig. 7, two plates °/s x 
butt welded along the 12-in. 
heat treatment, the °/s- x 12 
into two plates 


stress 


In making up the 
12 x 18 in. were U 
After welding or 


x 36-in. plate was sawn 
s x 6 x 36 1in., following which each 


side. 
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Second to Fifth 


First Pass Passes 
‘Designation Diam., Diam., 
of Plate In. Amp. Volts In. Amp. Volts 

C-1 and C-2 3/16 230 30 1/, 380 32 
D-1 and D-2 3/16 230 30 1/, 380 32 
E-1 and E-2 155 28 270 30 
F-1 and F-2 3/6 155 28 V/, 270 30 
G-1 and G-2 3/6 190 29 1/, 300 30 
H-1 and H-2 5/16 190 29 1/, 300 30 
K-1 and K-2 3/1 230 29 3/15 230 29 


* All plates: groove U, */s2 in. radius, 4° slope, !/s-in. lip. 
t+ Electrode A233-407 No. 6030 (direct current, reversed polarity) 
t Stress relieving at 1150° F. 


of the 36-in. edges was machined down to give spect- 
mens °/s x 4°/, in. to 5 x 36in. During welding the 
two plates were clamped to the table as shown in Fig. 8. 
Welding details are listed in Table 2. The stresses 


were determined by the subdivision method using 
Huggenberger and Martens extensometers, but the 


precise manner of determining the results is somewhat 
ambiguous. 

The relative magnitude of the residual stresses pro- 
duced by the various procedures is shown graphically 


© 


Anchor Botts 


Tabie 


Fig. 8—-Clamping Device. 


Table 2—Welding Details. * 


Griffith’ 


Procedure 


Back of joint chipped, followed 
by two passes of #/\. in. diam 
Back of joint chipped, followed 
by two passes of */ig in. diam. 
Back of joint chipped, followed 
by two layers of */i¢ in. diam. 
Back of joint chipped, followed 
by two layers of 4/i. in. diam. 
Back of joint chipped, followed 
by two passes of #/i, in. diam. 
Back of joint chipped, followed 
by two passes of */i5 in. diam. 
Back of joint chipped, followed 
by two layers of */;, in. diam. 


in Fig. 9. 


ues being in the neighborhood of 13,000 psi. for 
Normal currents (plates G 
duced the residual stresses of the next highest m 
(about 11,000 psi.), the peak values appearing 
in. from the center line of the weld. 


positions surveyed. 


been 1 to 


Further Treatment 
None 


None 


None 


None 


Stress relieved after welding? 


Stress relieved after welding? 


Each layer of deposited metal py 


The results indicate that the greatest m 
stresses occurred when very small electrodes wer 
exclusively in the making of the joints (plates A), th 


made up with low currents (/) and normal 


peened after each layer during welding (/7/), 


Land 


POSITIONS 


| 
|_ | | 
| $000 
x |= aS | 
ul 
= 
f— + — $0: 
* All Plates 5/8 x 12 x 18 in., Butt 
Welded Along 12 inch Side. 
Fig. 9—Residual Stress Relations (Plate to Position). Gr! 
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about 10,000 psi. A more or less uniform dis- 


values hore 
tributi 10,500 psi. average) is indicated in plates C, 
nade up with high currents. Plates D and F showed 
-ajues of 2800 and 7100 pst., respectively. The results 
btained show that residual stresses transverse to the 


weld may vary from 10,000 to 15,000 psi. and that 


‘yermal stress relief may be expected to reduce the 
ocked-up stresses to below 7500 psi. Griffith concluded 
‘hat residual stresses have their greatest values in tension 
+a distance of 1 to 2 in. away from the center line of 
the weld 


Sarazin® used the “‘direct method” to determine the 
shrinkage stresses and distortion in restrained arc- 
welded butt joints. The stresses were determined by 


olate before and after welding. The plates (presumably 
mild steel) were 10 in. long, 0.32 in. thick; no welding 
ietails were given. Tensile stresses 14,000 to 17,000 
psi. were found at a distance of about & in., at right 
ingles to the weld. An average tensile stress of 30,000 
si, was found 4 in. from the weld. The author believed 
that stresses of the order of 42,000-45,000 psi. could be 
expected at 0.1 in. from the weld (no details). It should 
be kept in mind, however, that Sarazin’s method of 
determining the stresses is very unreliable'—therefore 
his results are more or less fictional. 

Theisinger® measured, by the subdivision method, 
the stresses due to welding of two low-carbon, structural 
srade, rolled steel plates, 36x 12x in. The plates 
were 45° beveled, then clamped down, tacked and butt 
welded together by an automatic process (covered elec- 
trodes) depositing the weld in one pass. The residual 
stresses parallel to weld had a maximum value of 46,000 
psi. in the middle of the weld. Moving away from the 
center line of the weld, the stress, measured in incre- 
ments of '/, in. over the 2'/»-in. span of the strain gage, 
dropped off at the outer edge of the weld to an average 
value of 41,000 psi. at the fusion line. The physical 
properties of the as-welded specimen were 49,000 psi. 
tensile strength, 22.5% elongation in 1 in., 37.2% re- 
duction of area. Stress relieving for 30 min. at 1150° F., 
reduced the value in the middle of the weld from 46,000 
to 4,000 psi. In so far as the plates were welded in the 
as-rolled condition, it is conjectured that the stress 
values obtained after welding may have been affected 
to some extent by the processing stresses in the original 
plates. A residual tensile stress of 21,700 psi. (parallel 
to weld) was measured by Eskilson? in single-run V butt 
welds in boiler plate specimens 40 in. long, 0.5 in. thick. 
The corresponding value for welds made in 3 runs and 
‘runs was higher than 28,800 psi. The specimens were 
heat treated prior to welding at 680° C. for 20 min. 


Arc Welds with Restraint (Patches) 


The residual stresses in disks with arc-welded patches 
have been measured by Gerold and Miiller-Stock,’ 
— the Sachs* boring method. The formulas in- 
volved are 


dA 2A 


langential stress = (Ao — A) 


dT A+ a) T 


Table 3—Composition of Steels Used by Gerold and Miiller-Stock’ 


Radial stress = E al“ —A | r 


2A 
where 
E = Young's modulus 
u = Poisson's ratio 
Ay = cross section of undrilled disk 
A = cross section of drilled disk 
TY = change in thickness caused by drilling 
dT _ rate of change of 7 with A at the stage of 
dA __ Arilling under consideration 


Disks of soft steel (St 34) and low-alloy structural 
steel (St52), 19.6 in. outside diameter had circular patches 
1.9, 5.9, 9.9 and 13.9 in. diameter welded in the center 
The chemical composition and physical properties of the 
disks are listed in Table 3. The 0.79-in. thick disks were 
drilled out successively to 1.9, 2.9, 5.9, 7.9, 9.9, 11.9 
and 13.9 in. inside diameter and then 70° X welded 
(0.08 in. root spacing after tacking). After each step 
the change in outside diameter of the disk was measured 
by means of a micrometer gage at various designated 
points, the corresponding stresses being computed by 
means of Sachs’ formulas. Coated electrodes 0.16 or 
0.24 in. diameter were used for both steels. (No details, 
but presumably the smaller electrodes were used for 
the first layers.) The relative effect of the two elec- 
trodes on the magnitude or distribution of the stresses 
is not stated. After welding all specimens were exam- 
ined by X-rays and defective ones were discarded. 

The results are represented graphically in Fig. 10. 

Conclusions for Patches in Mild Steel (St 34): As ex- 
pected, due to the results obtained in a previous in- 
vestigation,’ the stress magnitude and distribution was 
governed by and varied directly with the size of the 
patch. With smaller patches, 1.9 and 5.9 in. diameter, 
the maximum tangential stresses (tension) were found 
in the center of the plate; these values rapidly decreased 
toward the boundary of the patch and underwent a 
reversal in sign near the edge of the disk. The highest 
tangential stresses in the larger patches existed in the 
welded seam, the values falling sharply both in direction 
to the center and the outer rim of the disk. The radial 
stresses were equal to the tangential stresses in the 
center and slowly fell to zero at the rim of the disk. 

Conclusions for Patches in Low-Alloy Steel (St 52 
In general, the same relationships noted with St 34 
i.e., tensile stresses in the center and in the weld seam, 
compression near the rim of the disk—although some- 
what higher values, existed in St 52. 

In view of the results obtained the authors surmised 
that, in general, the tensile stresses varied directly with 
the patch-to-disk diameter ratio—that is, the larger 
the patch (with respect to the area of the disk) the larger 
the tensile stresses in the weld region. The compressive 
stresses at the outer edge of the disk were unaffected by 
this relationship and were of approximately the same 
magnitude with small as with large patches. 

Stablein'® measured by the Glocker X-ray method the 
shrinkage stresses in the upper surface of a patch weld, 
Fig. 11. A gouge 6 in. long, 1.4 in. wide at the upper 
surface, was milled through the center of the 1.6-in. 


Upper Lower Tensile Elong Red. 
——Chemical Composition, Yield Pt., Yield Pt., Strength, %in10 of Area, 
Steel Cc Si Mn P Ss Cr Cu Psi. Psi. Psi Diam 7 
St 34 0.08 0.01 0.41 0.017 0.014 0.03 0.10 32,850 31,700 52,300 28.7 67 
St 52 0.15 0.50 1.05 0.024 0.022 0.34 0.60 53,750 53,000 80,600 26.4 65 
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RESIDUAL STRESS-FS.!. 


| 19 39 «59 99 
=28,4001_ Low-Alloy Structural Steel (St 52 
RADIUS - IN. 


Mild Steel (St 34) 


Fig. 10—Residual Stresses in Patch-Welded Circular Disks. Gerold and Muller-Stock’ 
Curve 1=patch diam. 1.9 in.; Curve 2=patch diam. 5.9 in.; Curve 3=patch diam. 9.9 in.; Curve 4 
diam. 13.9 in. 


thick Izette 4 steel plate which had the following ap- compressive shrinkage stress The stresses in the 
proximate composition: 0.35 C, 0.6 Mn, 0.1 Si. The beyond the end of the weld are relatively small 

gouge was filled in 24 passes with covered electrodes, the Harter, Hodge and Schoessow!! determined the straw 
deposited weld metal having a tensile strength of 74,000 pattern, Fig. 12, on plate surfaces resulting from weldin 
psi. Since the grain structure was fairly coarse, the rigid circular joints measuring 24 x 1°/s in. in the center 
film was oscillated and one exposure was made per- of flat plates 8 ft. x 8 ft. x 15/1 in. The cl 


chemi 
pendicular, two obliquely at each circle in Fig. 11. The composition of both the circular and the square plat 
shrinkage stresses in and near the weld were tensile, the is given in Table 4 where also are reproduced the phys 
stress component parallel to weld being larger than the cal properties. After the 24-in. diameter circular piec: 
perpendicular component in most instances. Sur- had been cut out from the center of 8- x S&-ft. squar 
prisingly enough the end of the weld was under high plate and the edges of the circular plate and th 


were machined to provide a standard welding groove 


both pieces were normalized at 1600° F., held for 2 hr 
and then air cooled. Then the plates were stress relieved 
by heating to 1150° F. (1%/, hr.) followed by cooling 1 
)} the furnace. The large square plate was straighten 
by rolling and restress relieved. The circular plate was 
P= + 1000 | tack welded into position and strain gage points were | 
T= -13000 out as shown in Fig. 12. <A bead, 6 in. long, was la) 
| the bottom of the weld groove at points correspondim 
to radial lines BDFN, Fig. 12, these beads being ( 


posited in succession at opposite points around th 
cular joint. This method of depositing 6-in. lon; 
was continued until the bottom of the circular weld ! 
Oo been filled to the depth of two layers of weld me! 
Ww The remainder of the weld metal was built up by cas 
ing. Welding was done with '/,-in. diameter B & \\ 
| ered electrodes No. 483, using 360 amp. and 30 ° 
Each bead was thoroughly peened. 


DIRECTION OF WELDING 


| P.-19000 +2300 P++23000 P» +16000 Ps 29000 
T--1000 +6000] T +4000\T-+i1000 T+-16000 


p--1000 Table 4—Composition and Physical Properties of Plates 
Harter and Co-workers'! 
T=-4000 
-——Chemical Analysis, %——~ 


| ‘ 0.25 0.68 0.014 0.028 0.10 Ultimate tensile 
Vield strength, 38," 
Fig. 11—Shrinkage Stresses in Patch Weld. Stablein'® Elongation in 8 in., « 
P=parallel to weld. T=perpendicular to weld. -+ and — in- Hardness, 134 Brine! 


dicate tensile and compressive stresses, respectively. 
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stresses, both radial (tension) and 
tangential (compression), were pro- 
duced in the region adjacent to the 
weld. The curves fall rapidly in the 
direction of the edges of the large 
square plate. The radial stress values 
are low in the center of the circular 
joint. 


Unionmelt 


Albers" investigated the shrinkage 
stress distribution in Unionmelt and 
manual metallic arc welds made in 
low-alloy structural steel. The plates 
were 1.65 in. thick and were taken 


from three different heats of St 52 
having an average chemical composi- 
tion of 0.19 C, 1.15 Mn, 0.40 Si, 0.35 
Cr, 0.50 Cu. Four plates were joined 
by Unionmelt process, according to 
the sketch shown in Fig. 13, so as to 
form two plates 47.2 in. wide, 19.6 ft. 
long. The weld metal deposited 
from 0.24-in. diameter rods had the 
following analysis: 0.15 C, 0.25 Cr, 
0.96 Mn, 0.59 Si, 0.41 Cu, 0.028 P, 
c 0.20 S, 0.10 Ne. Welding details for 
the joints made by Unionmelt process 


ae" 


are listed in Table 5, but no welding 


LAYOUT OF STRAIN GAGE POINTS FOR BOTH SIDES OF SPECIMEN 


RESOUAL WELDING STRESSES RESULT OF WELDING 26° x +-5/8" CIRCULAR PLATE IN CENTER OF FLAT PLATE 


“ data were given for the arc welds. 
The rectangular specimens Ao, Ay 
and the identical Bo, By were cut 


i 


NEGATIVE SIGN COMPRESSION 


+005" 
by the 

measured both parallel and perpen 
dicular to the weld. 

The results, Fig. 14, representing 
| the magnitude and the type of stress 
distribution in specimens Ao, reveal 

A that in the transition zone, the 
stresses may reach values of the 

sane order of the yield point of the base 
metal. The largest longitudinal 

shrinkage stress had a value of 


longitudinally and transversely from 
plates A and B (Fig. 13), respectively. 
The shrinkage stresses, determined 

subdivision method, were 


-001" 


fig. 12—Strain Pattern on Plate Surfaces Resulting from Weiding Rigid Circular Joint in 
Harter, Hodge and Shoessow'! 


Center of Large Plate. 


Strain-gage measurements were taken before and after 


welding as well as after local stress relieving (of the cir- 
‘ular joint), after cutting */s-in. slot through the weld 
hus Separating the circular from the square plate and 


lso after machining out all the deposited weld metal 


‘rom the rim of the 24-in. diameter plate and from the 
ole in the square plate. 


rhe authors did not comment on the results obtained, 


but reference to Fig. 12, shows that the highest residual 


1944 SHRINKAGE STRESSES 


PER INCH - POSITIVE SION TE 
& OF WELD 
PLATE CENTER 
OF WELO 


96,880 psi. (noted in one place only) 
The values of the stresses measured 
perpendicular to the weld varied con 
siderably from place to place, the 
maximum value attained being of the 
order of 25,000 psi. Asa rule, tensile 
stresses existed on the side that was 
welded first, and compressive—on 
the other side. The longitudinal 
(parallel to weld) stresses were com 
parable, whereas the transverse shrink- 
age stresses were 25 to 30% higher 
in the arc welds than in the welds 
made by Unionmelt process. The 
same relationship seems to hol for 
specimen Ag, Fig. 15. Specimens Bo 
and B, yielded results similar to those obtained for the 
identical A» and Ag discussed above. 

The tensile strength of the Unionmelt welds was over 
74,000 psi., yield strength over 48,000 psi. in the as- 
welded condition. As would be expected, the stress 
relieved specimens (1 hr. at 620° C.) showed a greater 
degree of deformability at the section of breaking than 
nonstress-relieved specimens, the latter breaking with 
a brittle fracture. As compared with manual metallic 
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PlateA 


LONGITUDINAL 


STRESSES ~PSI 
TRANSVERSE 


4 
wz 
« 
5 
=) 
a 
nz > 
| 
a 9+14220 _ | | : 
414.220 7 (a) . 
W 
0 | By 
wz 7 (a) = Side 1 (Welded first) 
ce (b) = Side 2 
w 0 ----- = Arc Weld 
| Fig. 15—-Shrinkage Stresses on Both Sides of Specimen A 
© H-14,220 | 
az 
x<¢ 
S + ~28,440 (b) are welds, nonheat-treated Unionmelt welds were as 
I good or better than the former in the same condition 
w 3+ 42,660 Heat-treated Unionmelt welds, however, were definitely 
r= eee better than the heat-treated metallic arc welds 
> 
—+28,440 
| 
9+14,220 Fillet Welded Joints 


(a) = Side 1 (welded first) The previously noted! provoking scarcity in published 
(b) = Side 2 information on the residual stress distribution and mag 
7 “4 nitude in fillet welded joints, appears to have remained 
Fig. 14—Transverse and Longitudinal Shrinkage Stresses on unchallenged. = ; ) 
Both Sides of Specimen—-A». Albers" Lance Martin‘ used the method outlined in the section 


Table 5—Welding Details and Tensile Properties of Longitudinal Welds* (Unionmelt Process). Albers'* 


————-Plate B——— Manual Arc Welds! 
Stress Stre 
Plate A As-welded Relieved t As-welded Relieved 
Current, amp. 1100 1200 on one side, 1250 
on the other 
Voltage 44 44 44 
Speed of welding, in./min. 13.4 13.4 13.4 
Feed of rod, in./min. 43 47 on one side, 50 on 
the other 
Weight of rod deposited, lb. per ft. of weld 0.54 0.62 on one side, 0.63 
on the other 
Yield strength, psi. 50,000-52,500 54,000 52,000 me! 
Tensile strength, psi. 74,500-79,000 82,000 75,000 83,000-87,000 84, 
Uniform elongation %, weld 15-18 12.1 11.9 10 12 
Uniform elongation %, base metal 15-18 11.8 11.9 a 
Local elongation over fracture, % in 4 in., weld 24 and 38 13.5 51 15 28 
Local elongation over fracture, % in 4 in., 
base metal 24 and 49 14.7 51 a 
Reduction of area at fracture, % 33 and 36 15 40 13 22 


* The groove for the Unionmelt welds was 0.47 ir. deep, 60° included angle. The rods were 0.25 in. diameter (American origin 
metal was 210 Vickers for Unionmelt, 150 for covered electrodes, base metal being 180 Vickers. 

t Stress relief consisted of heating for 1 hr. at 620° C., followed by cooling in still air. 

t Manual weld was made with covered electrodes 0.16 in. diameter. 
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a tion conditions, clamping arrangements, weld se 
|. quence and method of welding on the shrinkage stresses 
2 fh2° in welded plate girder butt joints. Eight bridges in- 
| volving 22 butt joints were studied. The results ob- 
tained have been published in several preliminary re- 
ports by Bierett'*: '* and Miesel and Raidt 

Welding in First will be discussed the results of a similar in 
direction of y © vestigation on four additional structures reported by 
Graf,'® who measured the distortion and shrinkage 

Amps., 660.09 stresses in ribbed flange (Series I) and r flange (Series 
Speed, 13. 9infmin II) girders The composition and physical character 
e ad istics of the steels used for the girders are given in Table 
° 0° 6. In Series I were tested six girders of the type shown 


Both sides of Web-plate marked Molerial , 14 
os shown vnannecled M S 


Fillet welds 


14G Electrode 1% 4 


2-1 
Fig. 16—Stiffened Web Plate Showing Position of Gage Marks. 
Lance Martin’ 


on Single-Edge Welded Plates to determine the residual 
strains and stresses in a mild steel web plate, due to 
fillet welding thereon four stiffeners. The stiffeners 
were joined to the web plate by 8 single fillet welds, in 
cordance with the particulars enumerated in Fig. 16. 
lhe measured transverse and longitudinal residual 
strains at the sections of the web plate in which the 
stiffeners were welded, were large contractions, the first 
type being —0.0094, a figure well outside the strain 
).001) at the yield point of the mild steel employed. 
[his suggests that the material in the immediate neigh- 
borhood of the fillet weld had contracted in two directions 
perpendicular to each other. The author observed in 
these and other similar experiments (no details) that 
most of said shrinkages seemed to occur within '/, in. of 
the welds. This observation does not necessarily imply, 
however, that the residual stresses due to these move- 
ments will be of the same nature. The stress distribu- (parallel) 
tion curves for section X = 4.625 (see Fig. 16) which to weld) | 


perpendicular 


to weld) 


Distance y Inches 


. . | 
may be taken as typical, are shown in Fig. 17. The | 


values of the peak tensile stress parallel to weld, were ae 5 Ta 

equal to the yield point in several instances. A maxt- Compression/ Tension 
mum tensile stress of about 5500 psi. was recorded in 
the transverse direction. No visible warping of the . ‘ P 
specimen was present in the completion of the welding 7 z 
operation. - 5-0 


Welded Bridge Girders Stress. Tons /Sq In 


A comprehensive investigation was carried out re- Fig. 17—Residual Stresses on Section X = 4.625 of Stiffened 
cently in Germany to determine the effect of construc- Web Plate in Lance Martin’s® Investigation 


Table 6—Steels for the Girders of Series] and II. Graf '' 


Steel 
Works 
Supply- Vield Tensile 
* ing the Chemical Composition, % Location of Strength, Strength, 
Part of Girder Steel Cc Si Mn P Ss Others Specimen Lb./in.? Lb./In.? 
Ribbed flange Peine 0.17 0.46 1.39 0.027 0.027 0.084 Cu Edge 50,000 —- 81,000 
0.0057 N: Center 44,500 2 r Girders 
Web plate GHH 0.44 1.10 0.029 0.027 0.33 Cu Longitudinal 51,500 74,5 28 eries I 
‘annealed) 0.10 Mo Transverse 50,500 7 
T-section for flanges Peine 0.42 1.25 0.047 0.020 0.092 Cu Edge of flange 45,900 2 
Middle of flange 44,000 25 57 Girders 
. Middle of leg 44,000 3,5 ; 5 eries II 
Web plate Krupp 0.49 1.41 0.019 0.017 0.36 Cu , 58,000 
beams for web stif- Peine Middle of flange 55,000 
feners ‘or Girders o 
Angles 4 x 4 x 0.39 0.42 1.25 0.047 0.020 0.092 Cu Middle of web 55,000 2 j 1 and Il 
for web stif- 55.000 $2,000 
eners 


Additional details about the ribbed flange. Rolling temperatures were 1150-1190° C. after the second rouguing pass; 1110-1160° C. after the last roughing 
pees; 940-1020° C. after the second finishing pass; 850-860 after the last finishing pass. Grain size was 325-410 u.? DVMR notch impact value was 5.6 mkg / 
em." at the center of the section, 13.3-14.0 near the edge. The notch-impact value of the T-section was 9.2- 10.5 mkg./cm.? at both locations 
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the web welds were X. The cd, of 

— 32 - 32° the girders varied from 5 to 10 ft 
T each case. The stresses 

the web and flange surfaces outside 

Pfender extensometers of 3.9-in. cage 

lengths. Only strains in the dir: tion 


of the girder axis were measured 


The results obtained are much too 
numerous to permit individual or eve; 


l 


0.79 01ST 


IP1O = H section, 4 in. high, 4 in. width 


of flange; thickness of flange 
0.028 inch, 


Fig. 18—Ribbed Flange Girder of Series I. Graf'* 


in Fig. 18. The girders were 2.8 in. high and tested on a 
span of 13 ft. The flanges measured 2.0 in. in thickness, 
10 in. in width and the web plates were 0.79 in. thick. 
Welding was carried out with the web flat and with the 
tension side packed with a mixture of ice and salt (initial 
temperature near weld = —4 to +2° C.), or cooled with 
water and an air jet. The first layer of the web-flange 
weld was deposited with heavy covered, low-alloy steel 
electrodes, 0.16 in. diameter (Kjellberg St 52-a); similar 
electrodes 0.20 in. diameter were used for later layers. 
The rib, which was initially 0.79 in. high, 90°, was 
planed to 120°, Fig. 19, the edges of the web plates being 
planed to 70°. First the web stiffeners, except C, D, N 
and O (Fig. 18) were welded to the webs (two fillets each 
0.16—0.20-in. throat with 0.16-in. electrodes) after which 
the web was straightened with the aid of local torch 
heating. 

Shrinkage stresses measured by the X-ray method 
were compressive (31,000 to 51,000 psi. parallel to the 
flange and web; 23,000 to 40,000 psi. perpendicular to 
flange) in the tension flange at the center of the girder. 
The web-flange weld on the tension flange of the girder 
shown in Fig. 18, also was under compressive shrinkage 
stress (40,000 to 53,000 psi.) perpendicular to the flange. 

The second series of Graf's tests comprised four T- 
flange girders of the type shown in Fig. 20 These 
girders possessed stronger flanges but weaker webs than 
the ribbed-flange girders. The welding procedure, Fig. 
21, was essentially the same as for Series I. Compressive 
shrinkage stresses averaging 37,000 psi. were found in 
the outer surfaces of the web stiffeners 1 to 8, Fig. 20. 
In general, the shrinkage stresses were lower in the 
T-flange girder than in the similar girder of Series I. 
The results obtained in these tests led to the belief that 
the surfaces of the flange plates were under compressive 
internal stress due to the rolling, but it was unfortunate 
that the shrinkage stresses could not have been meas- 
ured more accurately. It was obviously impossible to 
apply the subdivision method. 

The bridge girders investigated by Miesel Raidt® 
and Bierett'*: '* were made of mild steel (St. 37) or low- 
alloy steel (St 52). The flanges were flat, bulb or 
grooved and rib plate and measured 14 to 26 by 1 to 
1'/, in., the web thickness varying from 0.5 to 0.8 in. 
With one exception the flange welds were U butt, whereas 
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a summarized tabulation, but the 
principal conclusions derived from 
these tests and applying to all the 
structures, have been summarized by 
Bierett, as follows: Apart from the 
perceptible tensile residual stresses 
which may occur in the web plate as a 
result of flange splice welding, an ir- 
regular stress distribution may be set 
am up in long vertical welds by unsuitable 
welding paths, causing considerable 
tensile stress concentration mostly 
in zones already highly stressed from 
external forces. Consequently, con- 
struction arrangements interfering 
with free expansion may lead to increased residual web 
flange restraint and locally also to locked-up stresses, 
which increase with an increase in web-to-flange ratio 
Flange welds are subject to compressive locked-up stresses 
varying from zero to noticeable values but no statement 
can be made regarding the significance of these stresses 
on the safety of the flange against buckling. Tensile 
stresses in finished flange welds, resulting from residual 
web-flange restraint, were in no case observed under nor- 
mal production conditions. The flange splice welding is 
thus carried under conditions which do not balance the 
external restraining effects (tension actions), as mostly 
compression forces exist in the welds during welding 
operations. The only exception are the root layers of 
the weld which, usually and most properly, are de- 
posited first. 


11 15 
io ——~> 
0.79" 


28° 


Roor 
CHipreo 


Fig. 19—Cross Section of Girder in Fig. 18 Showing the 
Sequence of Welding 

The root of the first layer on both tension and compress 
flanges of the girder (Fig. 18.) was chipped for its entire lenc' 
with pneumatic chisels. After layers 1, 2, 3 and 4 had been 
posited on all girders of Series I, the first layer on the tension 5 
was Chipped off for a length of 8 ft. over the middle portion of | 
girder. Graf.'* 
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Fig. 20—T-Flange Girder of Series II. 


With regard to the provisions for suitable production 
conditions, Bierett'*: '* states that the procedure should 
be so selected that (a) the residual web-flange restraint 
remains small; (6) irregularly distributed locked-up 
stresses are avoided; (c) bending distortions (which may 
give rise to considerable tensile stresses) in the flange 
weld zones are widely obviated and (d) the danger of 
cracks in the root layers, especially present at the start 
of welding operations, is avoided. Essentially the same 
provisions regarding successful splicing by butt welding 
have been suggested also by Grover.” 


Welded Cylindrical Members 
Pipes 


The circumferential and longitudinal residual stresses 
in specimens consisting of two 9-in. lengths of open 
hearth, seamless steel pipe (0.30% C max.) joined by a 
circumferential arc weld, have been investigated by 
Eriksen and Wojtaszak.'* One-half of each specimen, 
Fig. 22, was laid out into rings 0-0’, 1-1’, etc., and at 
the ends of two perpendicular diameters of each ring, 
small screws with protruding heads (containing reference 
marks), were inserted. All measurements were taken 
by means of microscope micrometers reading to 0.001 
mm. After all initial measurements were obtained, the 
right half of the pipe specimens were cut into rings along 
the dotted lines, Fig. 22, and the readings on all the 
reference points were repeated. The rings were then 
split open and a third set of readings taken. The cir 
cumferential stresses were calculated from the elastic 
recoveries, using the relation 

S, = E Adm/dm 


where 


Adm dm’ — dm = mean ring diameter after 
cutting minus mean diameter before 
cutting 

E modulus of elasticity 


A more complicated theory was assumed in the cal- 
culation of the longitudinal stresses. The method em- 


118 - 


Graf'* 


ployed consisted of sawing in the pipe walls of tongues, 
7 in. long, '/, in. wide, and of taking micrometer readings 
to find the deflection produced at the free end of the 
tongue after sawing. In this manner it was possible 
to apply the theory of a beam on an elastic foundation 
in the determination of the longitudinal residual welding 
stresses in the pipes. The results, Table 7, reveal max. 
longitudinal stresses varying from +24,000 to + 50,000 
psi. and max. circumferential stresses ranging from 
13,000 to 32,000 psi., the smaller values in each case 


Layers 5 and 6 were Welded 
Simultaneously 


Fig. 21—Cross Section of the Girder in Fig. 20, Showing 
Sequence of Welding the Web-Flange Joints. Graf'* 
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DOTTED LINES INDICATE WHERE RINGS 
WERE CUT. 


Fig. 22—Pipe Specimen with Circumferential Weld. Eriksen 
and Wojtaszak"* 


being in the smaller diameter thinner-walled pipe. Stress 
relieving at 1200° F. reduced the residual stresses to 
15-25°% of the initial values. The authors were dis- 
turbed to find a longitudinal stress of 50,000 psi., a 
value that is above the yield point of the pipe and weld 
materials. This stress was attributed to deficiency in 
the method of calculations, to locked-up stress in the 
original pipe prior to welding or to strain hardening. The 
authors of this review believe that inasmuch as the yield 
point is a function of restraint, that in some places the 
yield point as determined by a small specimen could be 
exceeded. 

An example of conditions occurring in most struc- 
tures which are welded in heavy jigs to avoid distortion 
has been provided by Harter and co-workers.'! A cir- 
cumferential joint was made between two pipes, Fig. 23, 
rigidly held at their ends by a heavy internal restraint 
to prevent free contraction endwise. The material for 
these specimens was low-carbon steel (A.S.M.E. S-18, 
Grade A) with a tensile strength range from 45,000 to 
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Fig. 23—Experimental Assembly to Show Effect of End Restraint on Residual Welding Fig. 24, 
Stresses and Stresses Due to Locally Stress Relieving a Girth Joint in a Pipe. ‘tressretainedin the tube alter wel’ins 
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90,000 psi.; the center 1l-in. diameter solid }.; 


medium carbon forging of approximately 70,(\\( Hey 
tensile strength. Before making the final girth wey 
near the center of the pipe, the welds at the ends wer 
stress relieved by slowly heating welded section: up te 
1150° F., holding at this temperature for 4 hr. and the; 
furnace cooling. The final girth weld near th: enter 
of the outer pipe which had a standard weld groove was 
made by hand with '‘/,in. diameter B&W covered 
electrodes No. 483, using 350 amp., 30 v., a. The 


weld was peened after laying of each bead. The 24-f; 
long shaft and inner pipe were held at constant tempera 
ture during welding by circulating water through th, 


Table 7—Residual Stresses Due to Circumferential Welds in 
Pipes. Eriksen and Wojtaszak'* 


Wall Max. Max 
Outside Thick- Stress Longi- = Circum 
Specimen Diam., ness, Re- tudinal ferential 
No. In. In. lieved* Stress, Psi. Stress, Psj 
1 20 1 Yes + 8,500 
2 20 1 No +50,000 32.000 
3 20 1 No + 45,000 26,000 
4 2 Yes 3,5 Z 
5 8 /; No +24 000 17,000 
6 85 /, Yes + 5,000 3,500 
7 85/, 1/5 No + 25,000 13,000 


* Eight hours at 1200° F. 
+ indicates tension or compression (+ being tension 


inner chamber. After completion, the weld was allowed 
to cool to room temperature. 

After completing the assembly of the test model and 
stress relieving the welds at the ends of the pipe but 
before making the final girth weld near the center oi 
the outer pipe, Berry gage holes were drilled in the outer 
pipe on 8 longitudinal lines equally spaced around the 
outer circumference. The pairs of Berry gage points 
spaced 2 in. apart were drilled at 6-in. centers along the 
length of the pipe. According to the authors, the con- 
traction of the weld region resulted in high tensile 
stresses of approximately 16,000 psi 
through a distance of 12 ft. from the 
weld. Local stress relieving of the 
girth joint produced longitudinal stres- 
ses of twice the magnitude of the 
original residual stresses due to weld- 
ing. 


Tubes 


Sachs and Davis” deposited, by ar 
welding, a single longitudinal bead on 
specimens 2 in. long, cut from S.A.E 
X-4130 steel tubing (0.083 in. wall 
thickness, 1°/,in. O.D.). The circum 
ferential stress was determined by 
measuring the change in diameter duc 
to opening or closing of the specimen 
after spliting lengthwise with a hacksaw 
(*/e-in. wide cut). A measuring micro- 
scope was employed to determine the 
change of circumference as the change 
in distance between gage points which 
were marked as intersections of two 
circumferential and two longitudinal 
scratches and 1 in. apart, respec: 
tively. Referring to the recorded date, 
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Fig. 24—Effect of Welding Conditions on Residual Processing 
Stress in S.A.E. X-4130 Tubing. Sachs and Davis'® 


residual processing stress contained in the specimen 
before welding. Thus, specimens obtained from lot A 
which was initially stress free—retained an insignificant 
amount of weld stresses which were restricted to the vi- 
cinity of the welded bead. It was found further that 
the welding of tubing which is restrained by the presence 
of residual stress causes fundamentally a stress relief 
which is to the most part a localized anneal. This 
stress-relieving effect was found to increase with the 
magnitude of initial residual stresses, increasing am- 
perage and increasing diameter of electrode, Fig. 24, 
irrespective of the method of testing. 

Sachs and Graham” likewise used specimens 6 in. 
long, 1°/, in. O.D., 0.084 in. wall thickness cut from 
commercial $.A.E. X-4130 tubing (110,000 psi. ultimate 
strength, 90,000 psi. yield point, 15% elongation) to 
determine the residual stresses caused by oxyacetylene 
welding. The specimens were gas butt-welded with 
S.A.E. 1006 welding rod (Swedish iron) '/s in. diameter. 
Only local preheating was applied with the torch and 
after welding the specimens were allowed to cool in air, 
then sandblasted in order to remove the scale. One of 
the specimens was tested as-welded and sandblasted, 
whereas the other was machined on both the inside and 
outside to a cylindrical shape, -thus reducing the wall 
thickness from 0.084 to 0.050 in. average thickness. 
The original thickness of the weld bead was '/s in. 

The average circumferential stress was determined by 
subdivision, in each ring section. The position of the 
gage lines and the manner in which the tubings were 
dissected are shown in the upper part of Figs. 26 and 27. 
The changes in circumference, when parts of the tube 
were machined away, were determined by a special 
apparatus, Fig.25. This consists of a device for rotating 
the welded tube in contact with which a circular disk is 
placed, the pressure being variable in order to provide 
adjustment for avoiding frictional slip. The amount of 
rotation of tube necessary to affect a definite degree of 
rotation of disk is then measured and the residual 
average circumferential stress is computed by the follow- 
ing relations: 


= and = mD3N; 


Ds, N; D; 
Al Ds N, No 


EAD 
dD, 


Substituting in the equation for stress S = 
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Nez N, ) 
WN, 
N, 
{ \ Nj) 
S=E 
I 


where E = modulus of elasticity = 30 X 10° psi. (See 
bottom of Fig. 25 for explanation of other symbols.) 
The results obtained, Figs. 26 and 27, are somewhat in 
consistent with the general theory of elasticity. The 
weld being approximately 1.5 times as thick as the tub 
ing, the area of compression in Fig. 26 should be approxi 


Fig. 25—-Apparatus Used by Sachs and Graham?” 


D, = diameter of original tube at a gage circle. D, = diameter 
of ring cut from tube. D; = diameter of contact wheel. N; = revo- 
lutions of original tube. Nz = revolutions of ring cut from tube 


Ns; = revolutions of contact wheel (constant). 


mately 1.5 times as large as the area of tension, which is 
not the case. The authors attribute this discrepancy 
mainly to uncertainty of the stress measurement in the 
rough bead and to the relief of stress in the cutting opera- 
tion which, according to another investigator,” increases 
with the magnitude of the residual stress. 

Referring to Fig. 26, it is seen that the maximum cir- 
cumferential (average) compression adjacent to the 
bead is 15,000 to 20,000 psi. On the other hand, the 
average tension in the deposited metal must be con 
siderably higher than shown in Fig. 26 and is probably 
of the order of 20,000 to 25,000 psi. The residual stress 
found in the machined specimen, Fig. 27, confirms the 
results obtained for the as-welded tubing. The low 
stress found in the bead is explained mainly by the posi 
tion of the measured ring which is rather eccentric to 
the axis. Preliminary X-ray determinations confirmed 
an average circumferential stress in the bead of 15,000 to 
20,000 psi., but wide variations (20,000 psi.) of stress 
were recorded from point to point. The X-ray beam 
covered approximately '/ 9 of a square inch surface area. 


Rings 


Lipchin'** measured the stresses set up on welding in 
rings cut from cast 0.23°) C steel cylinders. The rings 
were first annealed for 3 hr. at 900° C. and then machined 
to 23.3 in. inside diameter, 2.4 in. in height and 1.1 in 
wall thickness. A groove 4 in. wide and 0.12 to 1 in. 
deep was cut on the inside or outside of the rings. The 
grooves were then filled up with weld metal and the 
stresses set up were determined by measuring the de 
formation which occurred when the rings were cut at a 
point opposite the weld. It was found that welds on 
the inside of the ring caused compressive and grooves on 
the outside caused tensile stresses which reached a 
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Fig. 26—Average Stress Values of Butt-Welded S.A.E. X-4130 
Tubing. Surface Was Sandblasted After Acetylene Welding. 
Sachs and Graham” 


maximum for a depth of groove equal to 50% of the wall 
thickness of the ring (no details). Hammering of the 
welds reduced the stresses appreciably (no details). The 
stresses could be almost completely removed by sub- 
critical heat treatment (1 hr. at 630-650° C.), the mag- 
nitude of the original stress being without any influence 
on the effectiveness of the annealing treatment. 


Beads Deposited on Surface 


The residual stresses set up by depositing one or more 
beads of weld metal on the surface of steel plates have 
been the subject of several investigations aiming to 
separate the effects due to welding from those due to a 
joint. 

Patton, Gorbounov and Bershtein*! determined by 
subdivision, the residual stresses induced in a rectangular 
steel plate, 24 x 6.9 x 0.43 in. (composition not stated), 
on both surfaces of which was deposited a bead 24 in. 
long. The 0.16-in. thick weld bead was laid by metallic 
are welding with 0.19-in. diameter lightly coated elec- 
trodes (240 amp.). Measurements between gage points 
(0.56 in. apart) were made before and after subdivision, 
the corresponding stress in the direction of the bead 
being calculated by means of Young’s modulus. The 
results are plotted in Fig. 28 from which it may be seen 
that the maximum residual tensile stress (about 44,000 
psi.) occurs in the immediate vicinity of the bead. The 
variation of residual stress along the length of the bead 
is not stated. 

Similar results were obtained by another investi- 
gator** for mild steel tensile specimens 0.59 in. thick, 
with a bead on one or both sides deposited by heavy 
covered mild steel electrodes. The maximum tensile 
stress was again shown to occur in the immediate vicinity 
of the weld. Straightening (no details) reduced the 
residual stress, but beads on both sides created 10 to 
30% higher residual stresses than beads on one side, 
especially if the second bead was deposited on a cold 
specimen. 


Beads Deposited on Edges of Plate 


The residual stress distribution of plates having beads 
of weld metal deposited on one or more edges, closely 
approximates that encountered in common unbeveled 
butt-welded joints which may be regarded as composed 
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Fig. 27—-Average Stress Values of Butt-Welded S.A.E. X-4130 
Tubing. After Acetylene Welding, Tube Was Machined 
Inside and Out to 0.050 In. Wall Thickness. Sachs and 


Graham™ 


of two plates with beads deposited on adjacent edges 
Previous investigations! have revealed that due to 
shrinkage, a zone of plastic deformation is found near 
the welded edge and a zone of elastic deformation 
further away from the weld. The welded edge and its 
immediate vicinity (1 in.—for mild steel plates, */, in 
thick) are stressed to the tensile elastic limit of the steel 
the edge opposite the weld is also in tension, the inter 
mediate zone being in compression to preserve equili 
brium. 

More recently, the subject has been studied primarily 
by Rosenthal and Zabrs,** Lance Martin** and Norton 
and Loring.” 


Single-Edge Welded Plate 


Rosenthal and Zabrs** directed their investigation 
toward evolving a quantitative relationship between 
shrinkage stresses and the basic factors which create 
them—the quantity of heat per unit time supplied t 
the plate (the power (W = E,1) of the arc in watts) and 
the speed of advance of the electrode, Va. The mild 
steel used for the specimens, Fig. 29, was stress relieved 
by heating to 680° C. followed by cooling in the furnace. 
From these plates, nine specimens were obtained having 
the following average physical properties; elastic lunit 
= 33,900 psi.; tensile strength = 55,200 psi.; elonga 
tion = 33.4%. The properties were determined both 
at the unwelded edge and in the center of each specimen 
after the shrinkage stresses were measured. The weld 
was deposited without interruption in a single pass, 24 
in. long, starting 0.79 in. from end A, Fig. 29. Welding 
was done in accordance with the specifications listed in 
Table 8. The subdivision method was employed to 
measure the residual stresses. 
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Fig. 28—Residual Stress Distribution in Plates with Beas 
Deposited on Surface. Patton and Co-workers" 
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Fig. 30—Shrinkage Stresses at the Edge Opposite to the Weld 
as a Function of Power of the Arc for Two Speeds of Advance 
of the Electrode. Rosenthal and Zabrs** 


The opposite appears to be true regarding the shrink- 
age stresses in the plastic zone (weld). The elastic 
changes in length 6,, Fig. 31, secured as a result of 
cutting the specimen vertically indicate that the shrink- 
age stress in the weld slightly increases with increased 


57.000 


26.0: 


Fig. 29—Method of Welding and Types of Specimens Tested 
by Rosenthal and Zabrs?* 


4 


Power 

The results represented in Fig. 30, wg Se pro- after vertical cuts 

ortionality factor to exist between the shrinkage stress ‘ 
a the edge opposite the weld (Y = 3.6 in.) and the ----—— after horizontal cuts 
power of the arc. Thus an increase in power of | kw., (subdi vi sion) 
corresponding to an increase of current (at 25 v.) of only Fic, 31~Givisbens & in the Weld r te 
40 amp., raises the shrinkage stresses by 7100 psi. On 
the other hand, increase in speed of advance of the 
electrode within the customary limits (6'/2—-10'/2in./min.) 
was found slightly to decrease (less than 20%) the heat input to the weld. 
residual stress. Changes in shrinkage stress became 
appreciable only for much higher speeds in the vicinity 
of 17 in./min. which is in accord with results from another 
investigation.”® 


However, subdivision hori- 


zontally tends to raise the stresses caused by welding 
at the lower rates of heat input, while exerting little 
effect on the stresses caused by welding at the higher 
rates of heat input. Obviously then, the max. stress 


Table 8—Details of Welding (Length of Bead =24In.). Rosenthal and Zabrs”" 


Electrode Speed of Advance Average Current Average Voltage 

Diameter, Length, of Electrode, I Variation | Variat ion 
Specimen In. In. In. /Min. Amperes + in % in % 
0.16 21.6* 
0.13 18. 
0.13 12. 
0.16 17. 
0.10 17 
0.16 15. 
0.20 
0.16 9 
0.10 aT 


ow 


toto ww 


* Two electrodes 18 in. long were butt welded together 
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in the weld depends very little, if at all, on the tempera 
ture distribution or heat input. Further study of Fig 


31 discloses that all the stresses have reached (in some in. 


cases exceeded slightly) the elastic limit of the stee 
(34,000 psi.). In view of the results obtained, Rosen 
thal and Zabrs**: * concluded that 
cold welding (low heat input) is pref- 
erable in every respect to hot weld- 
ing (high heat input) for the type 


- The initially annealed mild steel plate contai; 


1 
. €,0AS Mn, 0.04 S, 0.04 P and measured 18 x ‘ 
Welding was done with No. 8 gage blue ashesta 
1 covered electrode (a. c. 110 amp.). The speed of th 


- electrode was 4.5 in./min., the length of run 


- 10 


of welding that has been discussed. 2%" — | db 
Another thorough investigation of © © © © ® ® © 

residual stresses in rectangular sin- LO LO& L@LO, Typical | 
by Lance Martin. ‘The residual | cele positions of Tronare of Lenitudina! | 
stress distribution perpendicular to fe a wi ed 
the weld was determined by means 
of a comparator consisting of a Double -choin Lines indicate + 


microscope with two movable objec- 


Gouge Marks at Intervals 


tives, 2 in. apart and calibrated 
through the aid of an interferometer. 
The gage length was nominally 


Standard Positions of Transverse my Direction 
Cuts, Exps I & [V 


Origin on Welded-edge 
" of Plate on Sectioncc | 


2.013 in. and the accuracy was esti- + = 
mated to be 14.95 (about ®® ® © ® 
+ 200 psi.).”” The difference between | 


gage lengths before and after weld- 
ing gave the relative displacements 
(divisions of the instrument) due to 
welding. These displacements when 
reduced to their equivalents in 
inches and divided by the gage length 
(2.013 in.) became measures of the residual strains R, 
and R,. The corresponding residual stresses were ob- 
tained by the method of subdivision. In so far as the 
particular case under consideration involved thin plates, 
it was possible to determine the two elastic recoveries, 
at right angles to each other, before estimating the 
released stresses by the formulas: 


Ele, + ot,) E(e, + 
X, = Y, = 


in which 


X, = longitudinal stress released (tons/in.*) 
Y, = transverse stress released (tons/in.*) 

E = Young's modulus of elasticity 

= measured longitudinal strain | 
é, = measured transverse strain | eee 


= Poisson's ratio (taken as 2.8) 


2 


Distance from Welded Edge, y inches 


Fig. 32—-Layout of Edge-Welded Specimens Showing Position 


of Cuts. Lance Martin?‘ 


trode being 9 in. Measurements of the partial recover 
ies e, and e, were effected in stages by means of trans 
verse cuts situated 6'/s, 5, 4, 3 and 2 in. from the central 
row of gage marks CC, Fig. 32. The estimated residual 
stresses X, and Y, are shown plotted in Fig. 33 together 
with the partial residual stresses obtained after cut 5 
(position of cut given in Fig. 32). 

The results disclose a tensile stress of 31,900 psi. at 
the welded edge, a max. compressive stress of 20,900 psi. 
near the center of the plate and a tensile stress of 17,000 
psi. at the unwelded edge. This particular stress dis 
tribution conforms with results obtained in a previous 
investigation.” It was surmised by the author’’ that 
whereas the subdivision method does not provide com- 
plete relief of the whole elastic portions of the residual 
strains in edge-welded plates, nevertheless good esti 
mates of the real strain recoveries (therefore of the total 
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eld Metal 


x © oe Estimoted stresses & Yy ; 

or Total Release as 

© Curves Stresses X- & Yy for Partial 

a V) Release after cuts. iS) 


Fig. 33-—Estimated Total Residual Stress at Central Section of 18 x 6 x */,-In. 
Lance Martin* 
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from the weld. The removal of the 


Norton and Loring™ 


residual stresses) may be deduced from such experi- 
mental data. 

Using a specimen similar to the one tested by Lance 
Norton and Loring” determined, by X-ray 
diffraction method, the type of residual stresses in a 
x 12- x */s-in. low-carbon steel plate (composition 
not stated) which had a weld bead deposited along one 
edge. The plate was heat treated so as to give sharp 
diffraction circles (no details). Having established the 
fact that the plate was free of residual stresses, the weld 
bead was laid along the 12-in. length and the stresses 
remeasured parallel and perpendicular to the welded 
edge. The results are represented in Fig. 34. By con- 
sidering points lying on the center line MN and the 
stress at these points parallel to the weld, it is seen that 
the weld bead is in compression and the metal just below 
is under a tensile stress almost equal to the yield strength 
of the material. Below this layer, the stresses become 
again compression, but change to tension near the edge 
farthest from the weld. The stresses along MN (Fig. 
34) are plotted in Fig. 35 as a function of the distance 


4 30000 
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20000 / 
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2 3 3 
INCHES FROM EDGE 


Fig. 35--Changes in Stress of Plate of Fig. 28 Due to Removal 
of Weld Bead. Norton and Loring™ 


x 

bead reduced the maxima somewhat, 
* 16000" . but the stress left in the plate is con 
siderable (dashed line, Fig. 35). The 
removal of about in. of metal by 
machining, corresponding to the layer 
eee ae that had suffered plastic deformation, 
made the plate practically stress free 
eee 4 ~ (dotted line, Fig. 35). According to 
Norton and Loring, the unbalanced 
& a stress distribution across the center 
0 ¢ z line of the plate may be due to the 
: fact that the actual state of stress in the 
2000 plate was not purely biaxial and that 
e stresses measured only on the surface 
. do not give a complete picture of actual 
conditions. The authors’ observation 
=1300 =4320 = 6400 that the surface of the bead appears to 
— © be in compression is contrary to what 
> a 36700 would be expected on general principles. 
-5600 7 "2200 tive data, this observation should be 

considered with some reservation. 
The subject of stress distribution in 
Fig. 34—-Internal Stresses in Steel Plate Welded on One Edge. single edge-welded plates has been con- 


sidered also by Leutwiler® who used 

high-tensile steel plates, 1S x 6 x °/s 

in., having the characteristics listed in 
Table 9. After machining to size, the plates were annealed 
by heating to 1700° F. for 20 min., followed by cooling 
in the furnace. The plates were then preheated in a 
gas furnace at temperatures ranging from 32 to 752° F. 
(see also section on Preheating) after which a weld bead 
was deposited along the edge of the plate, commencing 
at one end of the 18-in. dimension and welding at a con- 
stant speed of 10'/.in. per minute. Welding was performed 
in a single pass with a °/,.-in. diameter, general purpose 


Table 9—Chemical and Physical Properties of the Test 
Plates in As-Received Condition Tested by Leutwiler”’ 


Chemical Composition, % 


Carbon 0.09 
Manganese 0.61 
Phosphorus 0.115 
Sulphur 0.022 
Copper 1.07 
Nickel 0.63 
Silicon 0.016 
Physical Properties 
Tensile strength 76,390 psi. 
Yield point 54,460 psi. 
Elongation in 8 in. 26% 
Reduction in area 55% 
Modulus of elasticity 30,000,000 psi. 


Thermal Properties 
Transformation Points 


Ac 1335° F. An 1318° F. 
1446° F. Ar, 1420° F. 
Ac; 1650° F. Ars 1625° F. 


(Ryerson Quality No. 217) mild steel rod of the shielded 
arc type. Residual stresses were determined parallel 
to the weld by the subdivision method. The unit stress 
based on elastic recovery was found for all strips except 
the one containing the welded edge for each plate. The 
results (see Fig. 39) indicated that the unwelded edge 
and its vicinity ('/, to 1'/.in.) was subjected to a residual 
tensile stress varying from about 6000 to 13,000 psi. at 
room temperature (plates preheated at 392° F.), the 
intermediate region, 1'/,; to 3'/, in. from the welded 
edge, being in compression (2000 to 13,000 psi.) to pre 
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Fig. 36—Residual Strains and Their Relief in Central Section 
of Double-Edge-Welded Mild Steel Plate. Lance Martin” 


serve equilibrium, which is in accord with results from 


other investigations.**: ** The residual stresses in speci- 
mens that were welded after a preheating treatment at 
392° F., were found to be 73 to 80% of the values ob- 
tained with 32° F. preheat. 


Double-Edge Welded Plate 


Using the same procedure as the one described in the 
preceding section, Lance Martin*‘ also investigated the 
residual strains and stresses in a mild steel plate 6 x 
’/s X 18 in., that had been hand welded simultaneously 
along its two longitudinal edges. The arrangement of 
the gage marks is shown in Fig. 32; the distribution of 
the residual strains determined after subdivision of the 
18-in. portion of the plate as well as the derived approxi- 
mate residual stresses X, and Y, are shown in Figs. 36 
and 37, respectively. 

The author calls attention to the remarkable smooth- 
ness of the e, and X, curves and also to the fact that the 
measured recoveries e, at the central portion of the plate 
(y = 3) exceeded the measured residual strain R,. Simi- 
lar features appeared in a subsequent investigation on 
double edge-welded 12- x 3- x */s-in. mild steel plate, 
Fig. 38. Apart from observing that the data obtained 
in these experiments confirm previous results,* the au- 
thor cautions against drawing definite conclusions from 
these results at this time. 


Distance from Welded Edge, y- inches 
3 


400 
eld Metal 
10 
200 
: Z | 
Q 
-200 3 
-400 
Expl 


Fig. 37—Residual Stresses in Central Section of Double-Edge- 
Welded Mild Steel Plate. Lance Martin** 
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Fig. 38- Residual Stresses in Double-Edge-Welded 12- x 3. , 
Mild Steel Plate. Lance Martin?‘ 


Preheating 


The mechanical properties of the welded zone are 
lated not only to the steel but to a pronounced extent 
also to the system of external loading and shrinkag; 
stresses. Apparently then, improvements can ly 
achieved only through simultaneous consideration o| 
both material and stress factors. 

Leutwiler,*? Seeman,*® and others!’ *!: have show 
that preheating is of considerable scale in practical 
welding. According to Bierett,®** preheating at 200° C 
may be definitely relied upon as a means to increas 
security of structures when welding heat is not sufi 
ciently intense to accomplish the desired effects on th 
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Fig. 39—Effect of Preheating Temperature Upon the Resid 
Stresses Due to Welding. Leutwiler™ 
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{ the steel or when shrinkage stresses are 
Houdremont* and Albers* believe 


ticu iy severe. 
‘hat bow shrinkage stresses and hardness are lowered 
ny the slower cooling rate prevailing in preheated plates. 
“Leutwiler® investigated the effect of several preheat- 
-temperatures (32 to 725° F.) on the shrinkage stresses 


nealed, are-welded high-tensile steel plates. The 


an 
mposition and physical characteristics of the plates 
e listed in Table 9 (section on Edge-Welded Plates), 
chere also are given the welding details. The results, 


‘9 indicate a continued reduction in residual weld- 
.¢ stresses as the preheating temperature increases up 
(400° C.). Nevertheless, the author main- 
‘ins that the most effective preheating temperature is 
2° F. where, for the material under test, the residual 
tresses were reduced to 73% of their value with no pre- 


eating 
Leutwiler’s conclusions concur with the opinion ex- 
d by most authorities®: *:*” that preheating at 

»° F. (200° C.) is most effective in reducing residual 
tresses and preventing cracks in are welds. One set of 
nvestigators,'*: ** however, failed to observe any relief 
i stresses by preheating (up to 550° F.) of arc-welded 
SA.E. X-4130 steel tubing, although they admit that 
the effect observed in their investigation did not measure 
the actual stress conditions in the weld. The specimens 
vere preheated to 212° F. by immersion in boiling water 

r30 min., and to 550° F. by heating them with a gaso- 
ine blowtorch to 650° C. 

Bead bend tests conducted by Schaper® showed pre 
eating at 200 or 300° C. to be definitely advantageous. 
Welded low-alloy steel specimens failed suddenly with 
ractically no bend angle (7 to 13°) whereas similar 
specimens with beads deposited on base metal preheated 

300° C. withstood over 90° bend without cracking. 
Likewise, unpreheated mild steel specimens failed at a 
end angle of 9 to 23°, whereas specimens preheated to 
200° C. withstood over 90° bend without failure. 
Schaper surmised that shrinkage stresses in the unpre- 
heated specimens of both mild and low-alloy steels 
iccount for their brittleness in the bead bend test rather 
than the hardness, which was much lower in the mild 
steel than in the low-alloy steel. Bend specimens hav- 
ing beads deposited on both edges, instead of down the 
middle, yielded large bend angles without preheating 
with both steels. 

Structures made from heavy members are often pre- 
heated, even though the carbon content is low, because 
this treatment helps prevent weld cracks and aids in 
reducing distortion, according to Welding Handbook.” 


presse 


Stress Relief by Thermal Treatment 


rhe reduction of residual stresses by heat treatment 
is common practice for welded constructions. All boiler 
construction codes require that the internally stressed 
condition caused by the welding operation be reduced 
by subjecting the completely welded vessel to a heat 
treatment at elevated temperatures.” Codes covering 
the construction of other classes of pressure vessels may 
or may not require such thermal treatment depending on 
the nature of the service, the thickness of the vessel and 
the desired welded joint efficiency. Although the value 
it and need for stress relieving is open to question*: * 
experience indicates that such a treatment is advanta- 
geous at least for the higher tensile steels*? and also 
under conditions involving: structures subjected to 
dynamic loads, structures composed of heavy members 
and rigid joints and also structures which must accur- 
ately maintain their shape during their service life.“ 
The principles governing the mechanism of thermal 
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Fig. 40—Typical Heat Treating for Stress Relieving. Lawrence“ 


stress relief have been lucidly discussed by Lawrence* 
who evolved the relationships shown in Figs. 40, 41 and 
42. These are based upon weld metal from A.W.S.- 
A.S.T.M. grade E 6020 electrodes but, according to the 
author, the same general trends, although different 
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Fig. 41—Effect of Holding Times on Physical Properties of 
Welds Held at Same Temperature, 1150° F. Lawrence‘ 
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Fig. 42—Effect of Different Holding Temperatures on Physical 
Properties of Welds. Lawrence 


values, apply for electrode deposits of the E 6(0XX group 
For an alloved weld metal, ductility is invariably im 
proved by stress relieving whereas yield strength may 
increase, remain unchanged or decrease, depending upon 
the response of the alloy combination to the heat cycle 
used for stress relieving. It was particularly empha 
sized that unless cooling is uniform (300-350° F. per 


hour), temperature differences will be found in the unit 
that will serve to bring a new group of stresses ‘‘every 
bit as harmful as those removed by the heat treat- 
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ment.''** The values plotted in Fig. 41 indicate that 
longer holding periods tend to lower both the yield and 
the ultimate strengths. From Fig. 42, it appears that, 
in general, higher subcritical temperatures have the 
same effect on the resulting properties as longer holding 
times. 

Stress relief heat treatment at 600 to 650° C., which 
is the only type of ‘“‘annealing’’ that is feasible in prac- 
tice**: *. “ eliminates the zones of maximum hardness 
at the same time that it relieves shrinkage stresses, which 
are the cause for brittle fracture. The effect of this 
temperature range is negligible in so far as the micro- 
structure of mild steel is concerned; with higher carbon 
or alloy steels, however, the tempering of the hardened 
zone may become of great significance. Experimental 
results reported by Harris“ show that whereas a tem- 
perature of 650° C. reduced the hardness of a 0.15% C 
steel only 12 points, for a 0.48% C steel the hardness 
was reduced, by this treatment, from 315 to 211 Brinell. 
With an alloy steel (5% Cr-Mo), heat treatment at 
750° C. produced a reduction in hardness from 426 to 
180 Brinell. 

A good illustration of the dual capacity which stress 
relieving assumes with higher carbon and alloy steels 
has been provided also by Bierett.** Low-alloy struc- 
tural steel (St 52) tensile specimens, 9 x 1.57 in. cross 
section, having longitudinal welds were employed. The 
weld metal was deposited from covered electrodes 0.16 
and (0.20 in. diameter, in semicircular grooves, 0.39 in. 
radius. Although the results, Fig. 43 show that stress 
relieving considerably increased the capacity for deforma- 
tion, the author cautions that stress-relief heat treat- 
ment must not be relied upon as a cure-all for every 
welding difficulty. The improvement due to stress re- 
lieving in Fig. 43 was believed to be associated mainly 
with the elimination of the high residual shrinkage 


% 


40 
3° 30 
S 20 / 
1 
B 
Z 
SPECIMEN 


Fig. 43—Effect of Stress Annealing on Capacity for‘Deformation 
of Tensile Specimens of Low-Alloy Structural Steel St 52 with 
Longitudinal Welds Made with Covered Electrodes in 4 or 5 
Layers on Both Sides. Bierett and Stein**.‘* 
A = stress annealed. B = as-welded. X = ductile fracture. 
Y = transition. Z = brittle fracture. 
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stresses in the welds which thus eliminated ; 


| JOSS} 


bility of brittle fracture. Nevertheless, stress :clieyin, 


also decreased the maximum hardness. 

Stress relieving (1 hr. at 600° C.) had no effe 
tensile properties of unwelded low-alloy ste 
thick, containing 0.22 C, 1.16 Mn, 0.46 Si, 0.55 Cu 
0.05 Ni, 0.018 5, 0.006 Ne, tested by Bierett and Stejy « 
On the other hand, the same heat treatment 
after arc welding improved ductility 100° 
The authors believed that the postwelding heat trea, 
ment removed the high shrinkage stresses paralle! to the 
weld and in this way prevented early fracture in th, 
hard heat-affected zone. Preheating to 150° C. had y, 
effect, although under circumstances more favorable ¢, 
hardening, the investigators surmised that a great dea] 
might be revealed. 


C On the 


1p} 
more 


Stress Relief by Peening 


Peening the weld metal as it is applied, or after bot) 
weld and plate have returned to ambient temperature. 
is entirely effective in reducing of residual stresses.“ ‘ 
Peening relieves the restraint causing residual stresses 
by bringing the stressed weld metal above its yield point 
and adjusting the stresses proportionately to the amount 
of flow produced by the peening operation. The pr 
ticability and, in cases involving large structures 4 
restrained welds, the absolute necessity of peening 
readily appreciated where thermal stress relief is not 
possible.” 

Adams*' and Schaechterle** provided several examples 
regarding the advantageous use of peening in the pr 
vention of cracks in the weld zone of multilayer welds 
and in the deposits of alloy steel electrodes (see sectiv 
on Cracks). A comprehensive discussion of the tec! 
nique of peening and its effect on the relief of residual 
stresses is given in another review of literature 

According to Spaulding,®* the shrinkage tendency ca: 
be entirely eliminated by pressing or hammering of th: 
weld area (consisting of deposited weld metal plus al! 
of the adjacent original metal which has been heated t 
at least approximately 400° F. above its original ten 
perature) while it is cooling. The principle involved 
in this method is that the weld area, while cooling, wil! 
adapt its normal axial length to that of the surrounding 
original metal provided some assistance is given from 
external source. This assistance is supplied by /1gi/ 
hammering (vibratory pressure is best if welding process 
is continuing) at right angles to the axis of the weld 
during the initial stage of cooling, while the yield s/reng!) 
of the hot weld 1s relatively low. The main difference be 
tween Spaulding’s method and what is conventional) 
known as “‘peening’’ lies in the fact that the latter is 
applied, according to the A.W.S. Bridge Code,** abov: 
visible color or below 300° C., at which temperature th: 
weld area has cooled to such an extent that the elasti 
limit or yteld strength of the area has again approximated 
that of the original metal. Therefore, peening is a © cot 
rective’’ treatment, that is—it corrects and partly r 
lieves residual stresses after they have been produced 
whereas Spaulding’s method prevents shrinkage stresses 
from forming in the first place (see also section on Fflect 
of Alternating Load on Residual Stresses). 

A very practical application of mechanical stress relic! 


nd 


1s 


“lies in the elimination of the stressed condition in th 


plate surrounding welded tubes in boiler drums by su) 
sequent rolling or expanding. An illustration of this ty)» 
of stress relief application is provided by Harter, Hocs: 
and Schoessow,'! Fig. 44. The tube material 

A.S.M.E. S-17, Grade A and the plate material was 
A.S.M.E. S-1, 55,000 to 65,000 tensile strength firebox 
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Fig. 45—Specimen Used by Lance Martin.” 
the 
id 
le t axial state of stress exists in large welded articles. If 
deal ' the stress system is biaxial tension or compression, the 
condition of plastic flow is based on the criterion, evolved 
by Timoshenko,” stating that the sum of working and 
longitudinal residual stresses cannot exceed the yield 
point of the material, either in tension 
or in compression. Under the same 
both Pie conditions, the so-called maximum dis 
ture, tortion energy criterion of plastic 
flow’ requires that 1 + a’? — a 
SSes = yield point of the material, where 
int a = S,/S,, S; = = principal longitu- 
unt dinal and S, = = principal transverse 
mat working and residual stresses, tension 
oo being positive and compression nega 
B 1s tive. In so far as the biaxial state 
-_ of stress is concerned, the discrepancy 
between the two criteria can never 
pies exceed 15° 
> Thus, plastic flow and relief of re- 
elds sidual stresses are closely related : stress 
to relief occurs because plastic flows sets 
ta Stresses resulting from: in and conversely, plastic flow starts 
Initial expanding of tube as a result of the combined effect of 
After welding working and residual stresses. 
se-expanding The consensus regarding the ‘‘re- 
th . After second re-expanding BS 
a moving’ of residual stresses by means 
of overstressing is quite undecid 
ed.®: 44, 52, 7%, 115 ~=Nevertheless it does 
~ not preclude the possibility of using 
isa overstressing as a means of replacing 
nig Fig. 44—Test Specimen Showing How Residual Welding Stresses May Be Changed the existing state of residual stress by 
i by Expanding Tube with Roller-Type Expander. Harter, Hodge and Schoessow'' another more favorable with respect 
“4 to the working stress, nor as a means 
e! of “cutting down the peak of the 
'® as demonstrated in the 
ie steel. The welding was appliéd in circumferential investigations summarized in the following para 
6 beads with about three beads of weld deposited to make graphs. 
each of the two welds. The stresses given in the charts 
uh were simply the strain measurements taken between 
the gage points with a 2-in. Berry strain gage, the strain 
he being multiplied by 30 million to convert from strain to g 
+ pattern stresses At all point locations, strain was euch, 2 
ae measured both radial and tangential and the readings a | ¢ 
a" were combined by the usual mathematical formulas. ‘ 
r¢ | 
ed Behavior of Residual Stresses Under External Load F | 
ses 
General: Numerous investigations have been re- [Curves | Residval Stressed X,Y, 
viewed previously!» and more recently® in connection Stressey XY, Rdduced 
with the behavior of shrinkage stresses under static, by Reptoted is 
repeated and vibration loads. Despite the work al- — | 
ready done, however, the present knowledge of the prob- : 
lem appears to be still in a contradictory state. 
The mechanism of stress relief by overstress is de- 


pendent exclusively upon the condition ees Up *© pro Fig. 46—Relief of Residual Stresses in Double-Edge-Welded 
mote plastic flow under the combined effect of applied Mild Steel Plate Due to Repeated Application of External 
and residual stresses. It is well known that a multi- Tensile Load of 15 Tons. Lance Martin?’ 
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Behavior Under Tensi e Load 


Effect of Tensile Load on Residual Stresses-—The 
effects on the residual strains and stresses of applying 
external tensile loads to edge-welded mild steel plates, 
3x */sx 12 in. have been experimentally determined 
by Lance Martin,** who used the subdivision method 
see section on Single-Edge Welded Plates). Welding 
was performed with blue asbestos covered electrodes 
(No. 8 gage) a. c. 110 amp., 4.5 in./muin., the length of 
run per electrode being 9 in. The X butt-welded spect- 
men shown in Fig. 45, was edge welded along the 3-in. 
parallel portions, the 4-in. parts being provided for 
gripping the specimen in the tensile machine. The 
specimens were subjected three times to an external ten- 
sile load of 33,600 Ib. (15 tons), measurements being made 
after each loading. The results are shown in Fig. 46. 
The differences between the ordinates of Curves 1 and 


Table 10—Relief of Residual Stresses Due to Application of 
External Tensile Load. Lance Martin*: 


Reduc 
Distance, Residual Stresses tion in 
y (in.) Residual Stresses (Divs.)* After Third Stresses 
rom (Divs.)* After Application of in Per 
Second Welding 15-Ton Load centages 
Welded Long. Trans Long. Trans Ot Ae 
Edge (Xz) (Xz) Column 
0.00 (—439)t 0 —255 0 192 
0.25 —338 —21 —229 —14 32 
0.50 —178 —28 — 97 — 7 $4 
0.75 + 67 —12 + 3: — 7 $2 
1.00 198 —25 +113 —23 38 
1.25 235 +144 — 58 36 
1.50 243 +168 —66 31 
1.75 22: —71 +177 —45 25 
2.00 181 —29 +166 — 9 16 
2.25 57 —14 + 99 3 Increase 
2.50 —173 —27 — 72 0 60 
2.75 —339 —19 —229 —13 32 
3.00 —439 0 —280 0 37 


| 


* Divisions refer to comparator described in Section on Edge- 
Welded Plates. To obtain stresses X,, A, in tons/in.? divide values 
by 28.4; in this case 1 ton = 2240 Ib. 

+t Read off the graphs. 


3 and between Curves 2 and 4 (measures of the stresses 
relieved by the external loading) are expressed as per- 
centages of the original residual stresses, in the unloaded 
specimen, in Table 10. A redistribution of residual 
strains across the width of the specimen took place at 
each loading, but between the second and final loadings 
the amount of this redistribution was small. Similarly 
the second and third loading apparently brought only a 
slight increase over the amount of stress relief affected 
by the first loading, which is in agreement with the ob 
servations of their investigators?! *’ whose research was 
instrumental in evolving the theory of plastic flow dis- 
cussed in the opening paragraphs of this section. Lance 
Martin** concluded that had the nominal stress of 
29,800 psi.—-which the 33,600 Ib. load imposed upon the 
specimen—been. increased an amount great enough to 
have brought the whole of the material of the specimen 
up to the yield point in tension, it is probable that the 
majority of the residual stresses would have been re- 
lieved. 

A similar investigation has been conducted by Patton, 
Gorbounov and Bershtein*' on flat specimens 24 in. long, 
6.9 in. wide, 0.43 in. thick. A weld bead 0.39 in. wide, 
0.16 in. thick was deposited, by arc welding with a 0.19 
in. diameter lightly coated electrode (240 amp.), along 
the entire length on both sides of the plate. One of the 
two specimens tested was loaded in tension to 21,000 
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42,660 } LB/iIN* 
28,440 
14,220 | 
+ / 
14.220 
28,440 + 
Fig. 47—-Behavior of Residual Stresses Under Externa! Load 
Patton and Co-workers”! 
Specimens with bead deposited on both surfaces. 
F, = not loaded. F, = loaded in tension to 21,500 | F, 
loaded in tension to 28,400 psi. 


psi. and the other to 28,400 psi. Although the con 
position of the steel was not stated, it appears 
that these stresses were below the elastic limit 
material. The results, Fig. 47, reveal that the applica 
tion of the external tensile load reduced the value of th. 
longitudinal residual stress about 40%. 

A considerably greater stress relief was observed in 
subsequent tests by the same authors*' on flat plates 
composition not stated) 0.43 in. thick, joined by 
of an are V butt weld (4 layers), in order to obtain 
mens 4.7 in. wide, 28.5 in. long. One specimen wa 
jected to a static tensile load of 49,700 psi. and another 
to 50,700 psi. The results, Fig. 48, show a relie/ 
stresses of about 90%. In both cases, the residua 
stresses were determined by the subdivision method 

A basic approach to this subject has been made r 
cently by Norton and Rosenthal,® whose results 
though obtained under special conditions and on w 
welded specimens—therefore avoiding many of the vari 
ables involved in an actual welding operation—are i 
close agreement with the results reported by Lance 
Martin** and Patton.*! Residual stresses were pro 
duced in a flat mild steel specimen (0.18 C, 0.77 M: 
0.17 Si, 0.11 P, 0.022 S) 14 to 15 in. long x 3 in. wide x 
0.3 in. thick by heating it locally between two round 
mild steel electrodes inserted in the secondary of a spot- 
welding machine. Using a current of 3000 amp., the 
specimen was heated for 40 sec. over a */,in. area. Th 
distribution and amount of residual stress so produced 
are represented in Fig. 49. The stresses were measured 
by the X-ray diffraction method prior to and after un 
loading from 7200, 16,000, 29,500 and 38,300 psi., th 
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34,100 
28,400 + 
22,700 


Fig. 48—Behavior of Residual Stresses Under External Load 
Patton and Co-workers?! 
Arc butt-welded specimens. 
F, = not loaded. F; = loaded in tension to 49,700 psi 
loaded in tension to 50,700 psi. 
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finitely above the yield point of the material 

psi.). ‘The trend of variation of the correspond- 

rams, Fig. 49, indicates a progressive decrease 

ual stress in the whole portion which stands 

esidual constraint, as the specimen is unloaded 

higher value of the applied stress. The authors 

| no further stress relief upon unloading from 

ling to the same amount of external load. This 

y understood in view of the condition governing 

hanism of stress relief (see general discussion in 

tion) according to which further relief of stresses 

the yield point of the material considered) is 

nossibl only if additional plastic flow sets in, hence, if 
the external load is increased. 


+ 


| 
| 


Fig. 49—Relief of Residual Stress by Loading in Tension. 
Norton and Rosenthal®* 
(a) Transverse stress. (b) Longitudinal stress. 
I, no load. II, 7200 psi. III, 16,000 psi. IV, 29,500 psi. V, 
38,300 psi. 


Liljeblad® found that by subjecting arc butt (X) 
welded plates, 21 in. long, to progressive tensile loads 
ranging from 4500 to 49,300 psi., the residual stresses 
caused by welding were almost completely relieved 
composition of steel not stated). 

Effect of Residual Stresses on Tensile Properties —The 
efiect of residual stresses on the yield point of welded 
materials has been studied by Patton, Gorbounov and 
Bershtein,?! who compared identical soft and hard steel 


(composition not given) rectangular specimens (5.1-7.1 
in. wide, 0.41—0.61 in. thick) some of which contained 
residual stresses and the others were “‘stress free.” The 
latter group comprised specimens which were either un 
welded or annealed (after welding) by heating for 2 hr. 
at 550° C. and slowly cooling them in the furnace. 
The welded specimens had symmetrical weld beads 
(longitudinal or transverse) deposited on both sides by 
arc welding with a lightly coated electrode (200-370 
amp.). The longitudinal beads extended along the 
entire length whereas the transverse beads—-only halt 
way across the surface of the specimen. Stress-strain 
measurements on the plates during tensile testing were 
made by conveniently located Huggemberger extensome 
ters. 

The permanent deformation of the welded specimens 
containing residual stresses was, on the average, four 
times greater than the “‘stress-free’’ specimens at 14,220 
psi. and six times greater at 20,000 psi. The yield point 
of the welded plates was the same or slightly higher 
(2000-3000 psi.) than the unwelded or ‘‘stress-free.”’ 
The average ultimate strength was 50,400 psi. for un- 
welded and 51,900 for welded plates. The following 
conclusions were drawn from this investigation: 

(a) The maximum permanent deformation produced 
by the application of a given amount of external load 
undergoes no further change upon maintaining at or re- 
loading to the same amount of load (see also section on 
Behavior of Residual Stresses Under Tensile Load). 

(6) Residual stresses have only a negligible effect on 
the yield point and tensile strength of soft steel weld- 
ments. 

(c) The total or local permanent deformation which 
occurs at lower than permissible tensile loads does not 
constitute a dangerous factor regarding the safety of the 
welded construction; on the contrary, such a phenome- 
non is indicative of reduced residual stresses. 

A welded, statically indeterminate framework, Fig. 
50, was tested in tension by Von Kazinczy™ to deter- 
mine its plastic behavior. The vertical tension bar of 
the framework was designed to yield at 64° of the yield 
load for the remainder of the framework. Upon plot- 
ting the load-extension diagram, Fig. 50, which is based 
on the total motion of the gussets in a vertical direction 
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Fig. 50—Load-Extension Diagram of a Welded Statically 
Indeterminate Framework. Von Kazinczy® 
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The framework consists of vertical tension bar A and the remainder 8, both of which ore 

statically determinate. Lines A and B are the load-extension Saqrems of the separate 

parts A and B. Line b applies if the shrinkage stress is absent. !f bar A contains initial 

compressive shrinkage stress (— Po) instead of initial tension, line f applies. Lines 9 

and h are the loads in A and B after external load is removed. Line d shows the 
permanent elongation on unloading 


Fig. 51—Calculated Load-Extension Diagram for an Ideal 
Statically Indeterminate Framework Having Initial Shrinkage 
Stresses Due to Welding,+ P, and —P,. Von Kazinczy®” 


measured with an accuracy of 0.0004 in., the author ob- 
served that the first bend in this curve-signifying yield 
of the vertical bar-occurred at too high a load. It was 
believed that this observation was related to shrinkage 
stresses, the effects of which are indicated in Fig. 51. 
Accordingly, there is no effect on the ultimate load, but 
the permanent deformations are increased if the shrink- 
age stress in the vertical bar is tension, or decreased if 
compression. The shrinkage stress in the vertical bar, 
measured by Huggemberger extensometers mounted on 
opposite sides during welding of the second end, was 
found to be 9900 psi., after cooling. Yielding occurred 
in a few small regions of the vertical bar where flow 
figures appeared. The remainder of the bar (97% of the 
length) did not take part in the yielding. Although 
flow figures did not tend to occur at the welds, the author 
pointed out that if the framework is to be designed for 
service in which fatigue stress predominates, design 
based on plastic behavior is not justified. 

Using the same material, procedure and treatment 
described in the section on Arc Welds with Restraint, 
Griffith’ studied the effect of residual stresses on the 
mechanical properties when the joint is loaded trans- 
versely in tension. Examination of the values which 
are summarized in Table 11, reveals that variations in 
welding procedure (welding was done with low, high or 
normal currents) had little effect on the yield point, 
ultimate strength and the ductility of the plate material. 
Nothing can be concluded from these results as to where 
the greatest permanent set occurred due to stresses in 
the neighborhood of the elastic limit—though the weld 
metal appears as the most likely. 


Schaper,*' too, came to the conclusion that shrinkage 


stresses do not adversely affect the tensile properties of 
mild steel weldments. Large, rigid joints made of St 37, 
expected to fail due to high residual stresses under an 
applied tensile stress of 17,000 psi., withstood double 
that stress without exhibiting signs of weakness (no de- 
tails). 
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Table 11—Results of Tensile Tests Obtained by Gritty, 
See Fig 


Mechanical Properties and Residual Stresses 


Elong. Reduc. Residu: 
Plates Psi. Psi In. Area VII und I] 
A and 
B 25,700 51,200 30.6 46.0 14.800 
30,400* 54,000 42.0 46.0 11,100 1 
D 29,800 54,900 53.5 2,100 9 any 
E 30,100 53,900 41.7 50.4 9,400 ) Qi 
F 30,000" 54,000 6,400 
G 30,000 54,800 42.2 51.8 9,400 11.40 
H 29,600 54,800 40.0 56.0 9,900 Ory 
K 30,000* 54,900 38.2 51.5 12,900 13.7 
Coupons 29,400 55,700 34.1 55.0 


* One plate only. 


Behavior Under Alternating Load 


. Effect of Alternating Load on Residual Stresses. 
Flack-Ténnessen® studied the behavior of residual stres 
under fatigue of arc welds made in 0.59-in. St 37 (mij 
steel of about 52,000 psi. tensile strength). The welds 
were deposited on one side of the plate in a semi ircular 
groove (0.39 in. wide, 0.195 in. deep) with thickly coate 
electrodes with a tensile strength of 61,000-66,000 p 
thickly coated electrodes with a tensile eomath of 
55,000 to 61,000 psi. and with a lightly dipped electrod 
of 61,000 to 63,000 psi. tensile strength. The weld 
surface was machined smoothly in order to remove an) 
notch effect. 

Residual stresses were measured on the surface by 
means of the X-ray method of line broadening, devise 
by Regler, and through the depth by using the mechani 
cal device shown in Fig. 52. The deflection produced by 
the stress relief was measured at the end of the specime 
and plotted against the depth of the cut through th 
weld. By comparing this diagram to the one obtaine 
by direct loading, the stresses could be evaluated. Th 
results obtained by the two methods were in fairly gow 
agreement. The recorded data (plotted in Figs. 53-55 
disclose that specimens subjected to fatigue (2 x |(/ 
times) slightly below the fatigue limit, decreased to less 
than one-third the value of the residual stress in both 
undercooled and preheated specimens. This decreas 
in stress started with the first load and was measurabl 
after 20 revolutions. 

By welding with intentional cooling (partial immersi 
in water in order to produce higher residual stresses 
the residual stresses were as high as 28,000 psi., being 
compressive on the surface and tensile in the interior 
The preheated specimens (no details) left only low (no! 
exceeding 14,000 psi.) residual stresses. Heating tor 
'/> hr. at 1200° F. removed all the residual stresses 
according to the author. 

An investigation on the behavior of residual stresses 
under vibrating load was carried out also by Norton an¢ 
Rosenthal. Residual stresses were induced in spec 
mens A;, A; and C,, Table 12, by the method described 
in the preceding section. The specimens were subjecte’ 
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Fig. 52—Device for Measuring Residual Stresses. Flick 
Ténnessen“ 
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Figs. 53-58—Decrease of Residual Stress Due to Fatigue. 


to reverse bending in a Rayflex machine and were vi- 
brated at their natural frequency by means of electro- 
magnets acting on both sides of the specimen, the latter 
being supported at the nodes. Accordingly, C, was 
vibrated below and at, A, at and slightly above, and A, 
at and well above the determined fatigue limit which 
had been previously established on stress-free specimens. 


Table 12—Composition and Mechanical Properties * of Speci- 
mens Used by Norton and Rosenthal®* 


Designation of Specimens 


Characteristics, % Aj, 2,3. 4.5.8 
Cc O.17 
Mn 0.57 
Si 
P 0.014 
S 0.016 
Vie ld point 60,500 
Tensile strength 72,000 


* Elongation was not recorded. 
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Cy 
0.18 
0.77 
0.17 
0.011 
0.022 
52,000 
72,000 


+--+ —J 


A 


Yt 


Serie B 


-1800 


unmeasurabl 


-(32800 
Serie F 
See Table 7 for Welding Details. 


p.s.i. 


Flack-Tonnessen. ** 


The results, Table 13, disclose that while the relief of 
residual stresses in fatigue was not affected by an in- 
crease in the number of vibration cycles, a marked de- 
crease of residual stress was produced as soon as the 


first crack was started. 


According to the authors, re- 


peated loading seemed to have no influence on the relief 
of residual stress, the redistribution of the stress ac 


Table 13—Behavior of the Residual Stress in Fatigue. 
Norton and Rosenthal 


Stress, 

Specimen Psi. 
C4 19,100 
19,100 
31,000 


32,000 
32,000 


39,000 


SHRINKAGE STRESSES 


Cycles 
18,900 
5,000,000 
1,000,000 


1,000,000 
4,000,000 
10,000,000 
860,000 


Relief of the 
Residual Stress 
None 
None 
35% 


None 

None 

None 
Almost 100% 


Remarks 


No failure 
First crack in the 
middle 


No failure 
Large crack in 
the middle 
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complished after the first cycle undergoing no further 
change for any number of repetitions of the same cycle. 

The results as listed in Table 13 point merely to the fact, 

that the particular state of residual stress involved had 

no significant influence on the fatigue limit of the tested 
specimens. 

Another experiment performed along this line is the 
one by Wever and Martin,® who created residual stresses 
artificially by preloading the specimen in the pulsator 
and superimposing a reversed load upon the static load. 
The specimens were high-strength steel (St 60.61) of 
about 85,000 psi. tensile, and were of two types—flat 
prebent or drilled and notched; their cross sections 
varied from 0.75 x 0.08 in. to 2.4 x 0.1 in. (15.4—-17.7 
in. long). The stresses were measured after preloading 
and after application of several millions of cycles by the 
X-ray diffraction method.** The maximum stresses in- 
duced by preloading, which were found invariably to 
decrease after removal of the alternating load, had less 
than 50% of their original value when the upper limit 
of the variable range of stresses was closer to the elastic 
limit (presumably at 42,000 psi.). The authors ad- 
mitted that the tests were not sufficiently numerous, 
nor was their interpretation sufficiently free from un- 
desirable technical errors. Despite these limitations, 
however, it was believed that the tests showed a de- 
crease of maximum stress by alternating load. The 
fact that after removal from the grips of the fatigue 
machine, there were compressive stresses where initially 
there had been peak tensile stresses indicated, according 
to Wever and Martin, that “irreversible deformation” 
had occurred at these points. This conclusion is not too 
evident and as Spraragen and Rosenthal® point out, 
the ‘‘apparent’’ decrease of residual stress was brought 
about under the combined action of static and alternat- 
ing load which created plastic deformation and, as a 
result, locked-up stresses of opposite sign to the “‘ex- 
ternal’’ stresses. 

Although Schulz and Bischof," believed that ductility 
was of no significance for welded bridges for the reason 
that fatigue failures never exhibit permanent deforma- 
tion, they stated that peak shrinkage stresses were re- 
duced (without cracks) by repeated loads only if the 
base metal were tough and weld metal were ductile. 
According to Bernhard® several welded railway bridges 
in Germany have been stress relieved by means of an 
oscillator. 

Effect of Residual Stress on Fatigue Properties—A 
great deal of uncertainty seems to exist regarding the 
effect of shrinkage stresses on the fatigue resistance of 
welds. Most experiments along this line are incomplete, 
one way or another, and fail to provide conclusive, 
quantitatively backed conclusions. This subject has 
been recently studied by Flaick-Ténnessen,“® Patton 
and co-workers,?! Norton and Rosenthal,®* as well as 
by Wever and Martin.” 

Using the type of specimens described in the section 
on Behavior of Residual Stresses Under Alternating 
Load, Flick-Ténnessen® obtained the results summar- 
ized in Table 14. The recorded data indicate a signifi- 
cant decrease in strength when using the thinly coated 
electrodes. This decrease was ascribed, by the author, 
to the blowholes and porosity present in the low-grade 
welds. The two heavily coated ‘“‘high-grade’’ elec- 
trodes had little effect on the resistance. 

Patton, Gorbounov and Bershtein*! have sought to 
determine what happens to the fatigue. resistance of 
weldments containing residual stresses due to welding, 
by comparing as-welded and stress-relieved welded beams 
and trusses that had been subjected to the same load in 
pulsating bending and vibration. Stress relief was 
accomplished by heating to 550° C. for 2 hr. followed 
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Table 14—Effect of Residual Stresses on Fatiguc 


Tonnessen“” 


Flack. 


Residual 
Stress, : 
Series Electrode Treatment Psi. Crit 
A High grade* Undercooled — 27,500 
61,000-66,000 
psi. tensile Preheated — 13,800 
C High grade* Undercooled — 33,000 
D 55,000-61,000 Preheated — 1,800 26, 
psi. tensile 
E Low gradet Undercooled — 23,500 21.00 
F  61,000-63,000 
psi. tensile Preheated — 9,800 OF 4 


* Thickly coated. 
+ Lightly dipped. 


by cooling in the furnace. 
is not stated. 

The stress-relieved T beams (flanges: 5.5 x 0.46 i; 
web: 8.2 x 0.4) broke after 313,070 cycles, the 
welded beam after 215,330 cycles, the maximum str 
being 37,000 psi. 
at the ends, 0.25 in. thick at mid-section, along whi 
was deposited a weld bead 5.9 in. long; total length 
plate 34.2 in.) failed after 50.700 cycles; an identi 
as-welded specimen broke at 80,800 cycles. The nun 
ber of cycles for failure of trusses was still smaller 
53,175 cycles for as-welded, 58,100 for stress reliev: 
the maximum stress being 27,000 psi. The authors co: 


The composition of the ste 


A 


A stress-relieved plate (0.6 in. thi 


cluded that in no case was the strength of the join 


affected by the residual stresses. It was further state 
although with some reservation in view of the sm: 
number of specimens tested, that surface irregulariti 
acting as stress concentration centers appeared to ov 
shadow the effect of residual stresses. 
has been expressed by Biihler.® 

Experiments by Norton and Rosenthal® (reported i 
section on Behavior of Residual Stresses Under Alter 
nating Load) revealed that in all likelihood the residu 
stress will be of little importance on the fatigue of speci 
mens if the fatigue limit in pure reversal is higher tha: 
0.6 yield point. According to Moore and Kommers’ 
this value is likely to be exceeded in most of the spec 
mens of rolled steel, normalized as well as treated, whe 
tested without notches. 

According to Bierett,™ residual stresses (no details 
due to welding are of secondary importance to iatigu 
of I- or T-shaped beams with butt welds at the mud 


Fig. 59—Type of Joint Tested by 
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Fillet weld 
fig. 60--Side Fillet Joint with Additional Beads. Kaufmann** 


He points out, however, that in beams with 
ed ends, the constraint would develop in butt 
nsile, instead of compressive shrinkage stresses. 
and Gerold® also maintaim that compressive 
it head and foot of rail joints have no influence 


mange. 


n fatigue. 
rhe effect of residual stresses on the fatigue of fillet 
welds was studied by Kaufmann** who found that stress 
elief at 1200° F. of the specimen shown in Fig. 59 in- 
reased the pulsation fatigue limit from 15,600 to 17,000 
The fatigue limit was raised up to 19,000 psi. due 
to the compressive residual stress produced at the fillet 
nds by depositing additional beads a and 8, Fig. 60, on 
he surfaces of cover plates and straps. 
A detailed study was made by Ehrt and Kuhnelt” 
n the effect of shrinkage stresses on the fatigue value of 
hafts surfaced by arc welding. Two shafts each 1 in. 
iameter were used: (a) 0.60 C, 0.42 Mn, 0.50 Ni, 0.24 
Sand (b) 0.11 C, 0.29 Mn, 0.01 Si. In rotating beam 
itigue tests the endurance limit of the shafts (38,000 
ind 24,000 psi., respectively) was reduced to 6500-9000 
si. by arc welding. Changing the method of depositing 
the weld from axial to spiral and other types had no 
fect. Stress-relief heat treatment (2 hr. at 600° C.) or 
nnealing (20 min. at 950° C., cooled in furnace) raised 
he endurance limit to 11,000 psi. The main cause of 
w fatigue value was porosity in the weld metal 


fect of Residual Stresses on Buckling 


It has been previously shown!' that residual stresses 
lue to welding do not have a pronounced effect on the 
uickling of welded structures such as columns. 

[his was demonstrated once again in experiments 
arried out by Patton and co-workers.'' Shrinkage 
stresses were produced by depositing three longitudinal 
veads 5'/s ft. long (total width of the 3 beads = 2 in.) 
n the surface of a tube 11'/, ft. long, 6.3 in. diameter, 
.5 in. wall thickness. Welding was done with lightly 


ated electrodes 0.32 in. diameter, a. c. 350 amp. An 
lentical unwelded tube was used for comparison. The 
velded tube buckled under an eccentric load (eccen- 


tricity 1.7 in. away from central axis) of 203,500 Ib. 
nd the unwelded under 181,500 Ib. The permissible 
uckling stress was estimated to be 21,200 psi. for the 
velded and 20,520 psi. for the unwelded tube. The 
wuithors surmised that residual stresses due to welding 
which they did not measure) apparently do not have an 
udverse effect on the critical resistance to buckling of 
luctile materials. 

Von Kazinezy’s™ investigation of statically indeter- 
minate frameworks of the type shown in Fig. 50 (section 
m Effect of Residual Stresses on Tensile Properties) 
showed that when the buckling load of the horizontal 
‘ompression bar (in reality, two flat bars) was attained, 
the load rapidly dropped, Fig. 61. The bar buckled in 
the direction of distortion due to welding. If the com- 
pression bar was fillet welded to the vertical tension bar 
at the center, the maximum load attained was a little 
higher than without welding, the behavior in both speci- 
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Fig. 61—-The Effect of Buckling of the Horizontal Compression 
Bar on the Welded Statically Indeterminate Framework. The 
Compression Bar Had a Slight Initial Curvature Due to Welding 
Distortion. The Vertical Tension Bar Was Not Welded to the 
Compression Bar. Sketch Shows Buckled Compression Bar 


After Test. Von Kazinczy® 
Lines A and B are the load-extension diagrams for the two 
leterminate parts of the framew Th i 
caused by welding was dD. te nin the ve ir 
and 6230 lb. mpressior he igonal | P 
6 = elongation of « frar or deterr € I 
the direction of load, in 


section or of welded beams with fillet welded web to 
mens being otherwise identical. The initial shrinkage 
load due to the fillet welding was 4300 lb. tension in the 
vertical bar and 4300 Ib. compression in the diagonal 
bars. Yield occurred first in the vertical tension bar. 
Shortly thereafter, the compression bar buckled and 
carried the tension bar with it. The buckles were single- 
bar type. The resistance of the remainder of the frame- 
work to twisting raised the buckling limit of the com- 
pression bar. In both specimens compressive shrinkage 
stress in the compression bar due to welding lowered 
the expected maximum load This lead the author to 
surmise that if the strength of a statically indeterminate 
depends on the buckling strength of a member, the 
shrinkage stresses due to welding should be known 

Another investigation endeavoring to determine what 
effect residual stresses have on buckling strength has 
been conducted by Albers,”' who made static deflection 
tests on several plate girders 22 ft. long, from a welded 
railway bridge that had been several years in service 
without damage. The flanges were 2.4 in. thick and 
contained 0.15 C, 0.8 Mn, 1.0 Si, 0.3 Cu, 0.040 P, 0.039 
S: webs were 0.63 in. thick and contained 0.20 C, 0.81 
Mn, 0.31 Si, 0.50 Cu, 0.60 Cr, 0.041 P, 0.022 S; weld 
metal contained 0.10 C, 0.082 Ne. Maximum Vickers 
hardnesses in the heat-affected zone of the multilayer 
web-flange weld were 302 in the flange, 375 in the web, 
which were unusually high. Measurements revealed 
tensile shrinkage stresses up to the yield strength of the 
web-flange weld. The girder failed in the test by buck- 
ling in the web (without cracking) at 71,000 psi. The 
webs of other girders of the series were stiffened by addi- 
tional inclined stiffeners; these girders likewise failed 
by buckling of the web at 77,000 ps1. 


Effect of Residual Stresses on Impact 


The research information relative to the behavior 
under impact of materials containing residual stresses, 
is very meager. 

The experiments by Curtis and Chase” were intended 
to clarify whether the notch sensitivity could be in- 
fluenced by the presence of a residual stress. The in- 
vestigation was limited to mild steel (0.18 C, 0.59 Mn, 
0.01 Si, 0.013 P, 0.039 S; tensile strength 79,000 psi.) 
specimens of a modified Charpy type. They measured: 
6.00 x 0.984 x 0.360 in.; keyhole notch: 0.0785 in. 
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diameter, 0.59 in. deep. Residual stresses were de- 
veloped at the bottom of the notch by local heating or 
cold working. 

The results showed a remarkable consistency of the 
stress-free specimens, all of which had an impact value 
of 103 ft.-lb. Specimens containing residual stress 
developed by means of cold work were, on the average, 
5 to 10% weaker. Commenting on these results, Norton 
and Rosenthal® pointed out that the difference in im- 
pact value was not due to the presence of residual 
stresses but rather to the cold work. This being so, it 
was surmised that the presence of residual stresses at the 
bottom of a notch has no effect on the notch sensitivity 
of a ductile material in an impact test. 

Practical examples involving the comparative be- 
havior of stress-relieved and unstress-relieved structures 
under shock loading are given by Harter and co- 
workers.'' A pipe section, 30 ft. in diameter, which was 
accidentally dropped through a distance of 15 in. during 
manufacture and before being stress relieved, frac- 
tured in two places. One fracture developed from the 
top of the section at a location approximately 180° from 
the impact point on the bottom and ran through the end 
butt strap and the weld attaching it for a length of about 
8 ft. into the 2!/,.-in. thick pipe wall. A smaller frac- 
ture developed through the reinforcing band at the 
bottom section. Compared with this case, a similar 
pipe section that had been stress relieved before it was 
dropped several feet, was badly distorted but no cracks 
developed, all the energy being absorbed by the de- 
formation. In both cases the material was special steel 
used for Boulder Dam Penstocks, and had the following 
average composition (%): 0.34 C, 0.68 Mn, 0.10 Si, 
0.036 S, 0.019 P. The physical properties averaged as 
follows: ultimate tensile strength 76,800 psi.; yield 
point 38,000 psi. (min.); elongation in 8 in. 24.3%; 
reduction of area 34.5%. 


Cracks 
General 


The formation of cracks is usually associated with a 
combination of unfavorable factors possibly appearing 
simultaneously and increasing each other’s effects. In 
many instances it is impossible to tell with a fair amount 
of certainty which of several factors has initiated a crack 
in a specific case.”* 

As in any discussion of cracks in welding, the im- 
portant factors to be considered are the metallurgy and 
physical properties of the welded joint. Nevertheless, 
shrinkage stresses by a combination of their magnitude 
and distribution are a major contributing factor in 
starting a crack. 


Theoretical Considerations 


The various conditions under which cracks may occur 
show up very clearly with use of the cohesive vs. shearing 
strength relationship discussed by McAdam and Clyne.” 
This theory assumes the presence of two clearly differen- 
tiated types of strength—cohesive, measuring the tensile 
force necessary to cause fracture along a plane perpendic- 
ular to the applied tension, and a shear or ‘“‘flow’’ 
strength which measures the shrinkage stress required 
to cause plastic yield of the metal. 
the flow stress required to produce plastic deformation is 
greater than the resistance to cohesive failure, plastic 
flow cannot take place and brittle fracture will ensue in 
what is normally thought of as ductile material. 

Apparently then, the problem is one of determining 
the conditions under which the normally expected plastic 
flow of the material is inhibited—thus promoting the 
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formation of cracks. Such conditions are {; 


observed in structures subjected to external |, a 
which tensile shrinkage stresses due to welding . me 
maximum in the vicinity of the weld, and gene; — 
in two or, in thick material, three directions. 1 os 
bined effect of the multiaxial tensile shrinkage s)resce« 
and the stresses due to external load may becorn: sy 
ciently high for rupture, as pointed out by H ter 
Hodge and Schoessow."' The deformation to ciuse 
crack may be hardly more than elastic under mu/tiaxja) 
stress, but varies with the precise system of stress anq 
probably also with different material. The required 


deformation is assumed, according to Komme: 


Sap to 
be larger for materials that are ductile in the static tens; 
test than for materials that are less ductile in that test 

Den Hartog and Rodgers” have shown that tress 


is applied perpendicular to a butt weld, the shrinj 
stress is decreased by permanent deformation of the 
metal whose full capacity for deformation is exhibited. 
On the other hand, when stress is applied to a web-flange 
weld, triaxial tensile stresses are created, according to 
Kloppel,” and permanent deformation cannot occur: 
therefore, the metal cracks without appreciable deforma 
tion. 


Causes 


Sayre,” Albers** and Schaechterle” have made com. 
prehensive studies to determine the type and causes of 
weld failures. Their conclusions point to the following 
causes, other than purely metallurgical, that initiat; 


cracks in welded structures: 
1. Improper design affecting the ‘geometry’ of the 
weld® and giving rise to stress concentration 
at weld.®: *! 
Incorrect size of electrode (electrode too thin for 
root beads).” 
3. Rigidity and heaping up weld metal at com 
plicated joints.” 
4. Incorrect welding sequence leading to excessive 
shrinkage stresses.” 7. 
5. Inelastic tensile deformation of the meta! during 
cooling after welding, and _ triaxial 
stresses.®: 8!, 52 
6. Postwelding failures resulting from the combined 
effect of live load stresses and entrapped stresses 
or from locked-up stresses alone.” 


to 


tensile 


According to Sayre,” cracks of the first type result 
from a combination of a fairly high degree of restraint 
at the edge of the piece coupled with the presence oi 
notch concentration effects. Stress concentration does 
not, however, necessarily lead to the formation of cracks 
Thus, whereas Taschinger’s* fillet welds cracked in the 
weld and many of the cracks in the Belgian welded 
bridges seemed to start at corners where several mem 
bers joined, the cracks described by Harter, Hodge and 
Schoessow'' had no apparent relation to stress conce! 
tration. The infrequency of postwelding failures du 
to locked-up stresses, witness to the few failures in con 
parison to the large number of welds now in satisfactory 
service in which initial stresses undoubtedly at some on 
or more spots reached the yield strength of the ma 
terial, according to Sayre.” 

Several authorities have attributed the cause lr 
otherwise inexplicable cracks in weld metal to tlic 10 
ability of steel to exhibit nearly as much ductility unc 
multiaxial stress as in a tensile test. According to 
French investigator,** cracks which occurred without 
deformation in weld metal (perpendicular to welds) ™ 
high-tensile steel, were caused by multiaxial shrinxag 
stresses. The metal exhibited high ductility im tension" 
Kuntze® states that slight permanem! 


and bend tests. 
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sion during cooling increases the susceptibility 
metal to cracking under multiaxial tensile 
we stresses (no details). 

rmalsky and Linton, Clark” and others® report 
that weld metal in bridges has cracked under conditions 
of rigidity and incorrect welding sequence. These fac- 
.s well as local aggregation of weld metal, were con- 
sidered by Sexauer® as contributing to the formation of 
- due to shrinkage stresses which occurred at low 
temperature. According to Schaechterle,” the fact that 
cracking in the weld metal of web to flange welds in 
bridge girders became more frequent with increased 
flange thickness was due to increase in shrinkage stresses 
arallel and perpendicular to weld. Likewise, 
attributed the hard cracks perpendicular to the plane of 
the flange in web-to-flange welds in plate girders, to 

shrinkage parallel to the length of the weld. 

\ typical case of crack formation in ship welds has been 
reported by Claasen.*’ The cracks appeared where 
several welds met in a narrow space and were either 
parallel or perpendicular to the weld, sometimes spread- 
ing into the weld metal. They were accounted for with 
the excessive aggregation of weld metal, incorrect se- 
quence and triaxial stress. In this connection several 
authors”: state that a change in welding sequence, 
signifying a change in distortion and shrinkage stress 
often cures hard cracks which, it must be remembered 
respond to changes in restraint as well as to change in 
cooling rate required to produce the hard zone, as 
pointed out by Spraragen and Claussen.” 

In some way peening has been successful in preventing 
cracks probably due to biaxial or triaxial distortion, 
according to Bruckner.** Depositing weld metal in a 
groove in a shaft 9 in. diameter, Bailey” found that a 
crack started at the root and spread into the weld metal; 
it was prevented by peening. Asssuming that multi- 
axial tensile shrinkage stresses may have accounted for 
this crack, it is possible that similar conditions accounted 
for the prevention by peening of cracks in the deposits 
of 14°, Mn, Ni steel electrodes described by Magee” 
and in the weld zone of multilayer welds in thick plates 
mentioned by Adams.”*! 
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Crack-Sensitivity Tests 


Apart from radiographic and other inspection tests, 
the most important tests which have so far been used for 
estimating the crack sensitivity of welds have been 
classified by Ball® as follows: 

Group A : 
1. Reeve’? fillet and butt-weld cracking tests 
(Fig. 62) and 108 
2. Rung or circular patch test.1 
4. T-fillet weld test (cruciform test).!°! 


Group B 
1. Single bead test—longitudinal 
bend.?!: 48, 75, 79, 105—108 
2. Single bead test—notched transverse bend.) !° 
3. Notched-impact test.!"! 
4. T-bend test.''* 
Group 
Weld-quench and impact tests.** 


In the tests listed in Group A, a test weld is made under 
conditions resembling those in a welded structure, that 
's~under externally imposed restraint. The weldability 
ot the steel is estimated by the developed hardness or 
the tendency to crack. The Reeve test may be taken 


as serene’ of this group and will be briefly de- 
Scribed. 
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Fig. 62—Reeve**: '” Fillet Weld Cracking Test. Ball” 
Section and plan view of Reeve fillet weld cracking test 
. plate. (b) View of Reeve fillet weld cracking test for 


The equipment used in the Reeve test is shown in 
Fig. 62. Any size plates may be used, but the dimen- 
sions adopted for the investigation of low-alloy 
steel**: *: ' were 6 in. square for the upper plate and 10 
x 7 in. for the lower plate. The plates are drilled with 
l-in. diameter holes at 4- x 3-in. centers and the as- 
sembly is bolted to the base metal (which is 2'/, in. 
thick) by */,-in. bolts. The three outside edges of the 
square plate are fillet welded to the base plate and the 
assembly allowed to cool to ambient temperature; '/,- 
and */s-in. fillets are used for test plates of '/2 and | in. 
thickness, respectively. An electrode 0.16 in. diameter, 
140 amp. ordinarily is used; 14 in. of electrode are con- 
sumed in the 6-in. run. When the welds are sufficiently 
cool, the bolts are tightened without applying abnormal 
pressure. The test weld is then laid along the inner 
edge of the square plate using the electrode and tech- 
nique under test. Again the specimen cools to room 
temperature, the bolts are removed and three strips 
*/s in. wide are gas or saw cut transverse to the direction 
of the test weld. These sections are examined for 
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cracks using microscopic or magnaflux methods and in 
addition hardness surveys are usually made. The 
Reeve fillet test assembly may be regarded as consisting 
of one edge-welded plate and one plate with a bead de- 
posited on the surface, whereas the butt-weld test, Fig. 
63 may be viewed as two edge-welded plates, the main 
difference from the fillet test being that the lower plate 
is not heated to the same extent. 

One modification of the above test does not employ a 
backing plate; another uses a machined V groove. Both 
modifications have been experimentally investigated 
with the object of simplifying the preparation of the 
specimens. In general, these modified tests are less 
severe than the original Reeve test. 

In the tests enumerated in Group B, a test weld is 


made under conditions of no external restraint, followed - 


by a mechanical test to determine its ductility or a 
measurement of some static property which conveys 
similar information. 

In the Single Bead Tests’ of Group B, transverse 
bending, which is usually carried out in the German pro- 
cedure, increases the tension on the bead side of the test 
piece, and induces compression on the opposite side. 
Fracture occurs at the surface since the tensile stress is 
greatest at this point, and decreases with the distance 
from the surface. Since the weld metal is stressed 
biaxially, its apparent ductility in the bead bend test 
will not be so large as in the normal tensile test. In the 
American tests using single beads, the most usual ob- 
servation is the induced hardness of a cross section. In 
the single bead notched transverse bend test and in the 
notch impact test, the only significant stresses present 
during testing are those due to bending. Thus the re- 
sults can indicate only the behavior of the hardened zone 
under test. The type of electrode used will influence 
the results only inasmuch as the heat input to the plate 
may vary. The T-bend test'! essentially gives only a 
measure of the ductility of the heat-affected zone. Since 
in this test sections are taken from the test piece to form 
bend specimens, the measurement of bend angle will 
probably not take into account the presence of shrinkage 
stresses which were originally present in the assembly 
before sectioning. 
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Fig. 63—-Section and Plan Views of Reeve Butt Weld Cracking 
Test for l-In. Plate. Ball” 


In Group C of tests no weld is made but a ; 
the material to be welded is subjected to a th 
closely analogous to that obtained in the he:-a4, 
zone during welding. The heat-treated san 
tested mechanically in a way which is presun 
how it would behave in a structure. The sp 
in Group C of tests,* ''* is to determine th: 
of the product which is formed in the heat-afi 
of the plate. Therefore, there is no refere: 
restraint which may be present in a welded joint. , 
possible influence of shrinkage stresses asso 
the restraint. The relative merits of most o/ 
tests have been discussed in several reviews o/ 


teratur 
by Spraragen and Claussen.'™* 


Theoretical Aspects 


Testing 


Den Hartog and Rodgers” devised a new method 


studying the internal stresses in welded joints. Th 
method is novel in that it affords the possibility of pr 
ducing an internal stress distribution in plates similar 


that found in welded plates, without changing the met 
lurgical structure of the plates; in this manner 
effect found could be attributed solely to inten 
stresses. To accomplish this, a weld bead was rw 
'/,-in. strip which had been clamped over the plates 
be treated. The arc did not penetrate to the plat 
below, but the temperature below was raised sutlicient! 
to produce internal tension after cooling again to roo 
temperature. The maximum temperature necessary 
produce an internal stress equal to the yield point of t! 
material was found to be between 300 and 350° F., whi 
is considerably below the temperature at which met 
lurgical structural changes begin to take plac 

test specimens, Fig. 64, produced from '/»-in. boiler plat 
were stress annealed at 600° C. for 12 hr. to ren 
rolling and machine stresses. Welding current » 
380 amp. (26 v.) and the speed 9 in./min. 

The residual stresses were determined by the sul 
division method, employing a Berry strain gage | 
measure the distance between pairs of holes drilled 2 
in. apart on both surfaces of the plates. The results ar 
shown in Fig. 65. The main character of the stran 
pattern consisted of a tensile strain almost equal to th 
yield point in the heated zone and balanced by areas | 
lower compressive strains on both sides of the heat 
zone, the direction of both being parallel to the heat 
line. Secondary compressive strains of about 
quarter of the yield strain in tension were found at th 
ends of the weld perpendicular to the heated zone will 
a balancing region of very low tensile strain in the center 
The plates were then subjected to destructive tens! 
tests in a direction parallel as well as perpendicular | 
the direction of the internal stresses. lio change \ 
found in the strength properties of the plates with 
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Fig. 64—Details of Test Piece Used by Den Hartog and Rodgers" 
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as 
— a Table 16—Measurement of Stresses Below and Above the 
ose n Elastic Limit. Specimens 2 and 3. Bollenrath and Co- 
workers''® 
| ————Stress in Lb./Sq. 
Les Strain, __Load _ X-ray Diffraction Method 
Cross Section 2 3 
(a) Below the Elastic Limit, Specimen 3 
|. *s 0.04 14,200 12,700 15,300 
0 O8 28,400 28,400 28,800 30,500 
0 12 37,000 37,000 38,500 
(b) Above the Elastic Limit, Specimen 2 
1 00 34,000 17,000 7,000 
2.00 34,500 17,000 17,000 7,000 
— 3 00 36,000 28,000 20,000 17,000 
fig. 65—Internal Stress Distribution in Plates of First Set. Above the Elastic Limit, Specimen 2 
Den Hartog and Rodgers” 1.0 30,000 20,000 18,300 
58 42,500 10,000 9,000 
11.0 47,000 17,000 11,400 


sithout these internal stresses, as shown in Table 15. 
The practical conclusion derived from the results of these 
tests was that the cracks experienced in welded structures 
{ductile boiler plate subjected to slowly varying stress 
re not due to internal stresses, but must be a result of 
the he metallurgical modifications of the material. 


Table 15—Tensile Properties of '/,-In. Boiler Plates with and 
Without Internal Stresses. Den Hartog and Rodgers” 


Stressed Unstressed 


Plate Plate 

ield point, psi. 31,000 32,500 

Ultimate strength, psi. 60 200 60,500 

reduction in width 16.7 17.5 

reduction in thickness (at center) 26.5 37.5 

tal elongation, in. 4.75 4.6 
Commenting on the above investigation, Adams*! 


| ints out that the stresses causing the cracks referred 
) by Den Hartog and Rodgers are thermal in origin 
id these cracks are, therefore, unquestionably due to 
the cooling stresses in spite of the fact that they might 
it have occurred with those same cooling stresses, if 
the microstructure had remained unchanged. 


Elastic Deformation 


Bollenrath, Hauk and Osswald!” used Martens ex- 
tensometers and the X-ray diffraction method to study 
the residual stress distribution in pure tension below and 
above the elastic limit of three unwelded specimens, the 
cross sections of which measured, respectively, 0.68 x 
.68 in., 0.64 x 0.64 in. and 0.47 x 0.47 in. The speci- 
mens had the following chemical composition: 0.11% 

, 0.5% Mn, 0.1% Si, Si + P = 0.08, and were heated 

950° C. in neutral atmosphere followed by quenching 
nd tempering at 550° C. for 5 hr. in order to develop a 
suitable grain size for the X-ray diffraction technique. 
Using the same value of modulus of elasticity (= 28,- 
300,000 psi.), it was found, Table 16 (Part a), that the 


and longitudinal and transverse at a depth of 0.039 in. 
below the surface, when etched away with hydrochloric 
acid. Contrary to what one would expect, the amount 
of residual stress increased somewhat as the plastic 
deformation was increased, Table 17. Based on the 
results obtained, the authors drew the following con- 
clusions: irrespective of the symmetry of loading of the 
specimen, the deformation ceases to be uniform 
as the elastic limit of the material is exceeded in tension. 
In agreement with another investigator,''® the authors 
state further that the plastic flow which follows is greater 
at the surface than it is in the core of the specimen, 
probably due to a greater freedom for the grains to yield 
plastically at the surface. The uneven plastic deforima- 
tion results in residual compressive stresses on the sur 
face (tension in the core) which lower the value of the 
external tensile stress to the extent shown by the meas- 
urements. Since upon exceeding the elastic limit the 
core of the specimen is stressed higher and the surface 
lower than indicated by the ratio of load over 
section, the state of stress is no longer a uniform and 
uniaxial tension. These findings seem to indicate that 
residual stresses are set up even in pure tension when 
the elastic limit is exceeded and, according to 
thal,’ that may rule out overstressing as a means of 
removing residual stresses set up by welding. 


as soon 


CTOSS 


Re sen 


Thermit (Butt) Weld 


The relationship between thermal and stress gradients 
resulting from welding has been studied theoretically 
by Rodgers and Fetcher.'” The authors calculated 
the expected stress distribution in */,-in. mild steel 
plates butt welded by the Thermit process, from the 
experimental record of the variation with time of the 


Table 17—Residual SABE Stress After Unloading in 


Psi. for a Given Amount of Total (Plastic and Elastic) 
igTeement between stresses measured by means of the Deformation. Bollenrath and Co-workers’ 
mechanical (load/cross section) and X-ray method 
measurements at 3 different spots on the surface of the Strain, ————-Spot on the Surface of Specimen———- 

specimen) was within the limits of probable error. Average 

‘pon exceeding the elastic limit, however, the X-ray Specimen 3 

readings became widely scattered, all of them well below 10 — 10,000 — 28,000 — 42.200 — 26,500 

the assumed uniformly distributed (average) stress, 2.0 — 21,200 — 21,200 — 32,000 ~ 24,000 

fable 16 (Part b). Because of grain distortion at 11% 3.0 — 14,000 — 17,000 — 34,000 — 22,000 

leformation, the X-ray diffraction diagrams became Specimen 2 

unsuitable for measurement and the test was discon- 5.8 —37,000 —38,500 —37,700 

unued. Upon unloading, the specimens revealed com- 11.0 — 41,000 — 42,000 — 20,000 — 36,000 

pressive residual stresses—longitudinal on the surface 
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temperature over the surface of the plate. Two similar 
Thermit welds were made along the long edges of two 
15- x 30-in. plates which had been bolted vertically in a 
rigid framework so that the edges were 1 in. apart. The 
internal stress in both plates was determined by measur- 
ing the relaxation strain with a Berry strain gage be- 
tween holes 2'/, in. apart. The temperature to be 
expected over the surface of the plate was calculated by 
Byerly’s'' formulas. 


V 2avt 2av t 


when the y-axis is taken through the center of the 
heated strip and 


7 = temperature at distance x at time / 
7m = initial temperature of heated strip above 
room temperature 
b = half width of heated strip (value used = 
0.6 in.) 
lk 
a = 
Voc 
k = thermal conductivity (value used: 6.48 X 
10~* Btu./in./° F./sec.) 
( = specific heat (value used: 0.16 Btu./Ib./° F.) 
p = density (value used 0.28 Ib./in.*) 


+304 
+20 
Inches from ¢ 
_ 
= 5 
+ 4 


-20% 


Fig. 66—The Measured Internal Stress Distribution in */,-In. 
Mild Steel Plate. Rodgers and Fetcher!”” 


The temperature distribution across the plate was cal- 
culated at several time intervals after the weld metal 
was poured and the values of the temperature changes 
found at various points during the intervals. These 
were transformed into stress units using the values of 
E and a corresponding to the mean temperature of each 
point during each interval. The measured internal 
stress distribution in the first plate is shown in Fig. 66 
from which it may be seen that the tensile stress in the 
center reached a value of 33,000 psi. This value is very 
close to the yield point of 35,000 psi. found for standard 
'/s-in. diameter test specimen cut from the plates. The 
final stress distribution, Fig. 67, consists of a region of 
yield stress in the center and balancing areas of com- 
pression extending in to about 5 in. from the center line. 
The stress gradient to be expected was found to depend 
directly on the cooling rate existing 3-4 min. after weld- 
ing. It was surmised, therefore, that diffused heating 
3 or 4 min. after welding of the area immediately sur- 
rounding the weld could materially reduce the stress 
gradient, although it could not reduce the high value 
of the stress at the center. 
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Fig. 67—-The Calculated Stress Distribution in Rodge 


Spot Weld 


The magnitude and distribution of thermal str 
produced under conditions similar to those encountered 


Fetcher’s Investigation!” 


in spot or plug welding have been studied by Rosenthal 


and Zabrs.! 


Specifically, the experiment 


study of the thermal stress distribution in an 


zone 0.08 in. wide, 1.45 in. diameter, Fig. 6s, in an 
annealed mild steel plate 2.35- x 0.2-in. cross sectior 


11.8 in. long. 


Heating was carried out with a 


resistance welding machine, and the stresses were meas 


ured with a Carl Mahr deformeter (accuracy | to 
crons in a | in. gage length). 
were used to calculate the radial and tangential stress 
components: 


FE = modulus of elasticity 
n = Poisson's ratio 
6, = distortion in the radial direction 

distortion in the tangential direction 


II 


The following formulas 


The results are represented in Fig. 69 from which 


appears that the local heating of a plate along 
nular zone subjects the metal surrounded by this zon 


to a biaxial state of stress. 


The small number of spec 


mens (2) tested precluded more definite conclusions 


In a similar investigation which has been 


previously 


reported,’ Goodier'® showed that if a hot spot 1 
otherwise cold, thin plate is assumed to be small, cu 


|_ 


Fig. 68—-Specimen Used by Rosenthal and Zabrs'"’ 
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od of uniform temperature above the rest of the 
. sudden temperature gradient increases thermal 


nlate 
round the spot. Thus: 
S = ST = —'/2 EaT inside the hot spot 
, outside the hot spot 
= -! Eal 
where a is the radius of the hot spot and r is the radial 
distance to the point under consideration. The maxi- 


mum shear stress is '/: EaT and occurs at the boundary 

between spot and plate. For an elliptical hot spot, the 

maximum circumferential thermal tensile stress is twice 
. as for the circular hot spot. 


as large 


Lb/in? | 
3BO |} 
9950. 
8530. 
7210! 
5690 


Cy; - radial 
G+ - tangential 


Fig. 69—Residual Stress Distribution Produced by Local 
Heating. Rosenthal and Zabrs'!’ 


Appendix—Methods of Measuring Residual Stresses 


_ Several practical methods (subdivision, Mathar and 
X-ray) of measuring residual welding stresses in plates 
have been discussed in an earlier review.' All the 
mechanical methods of stress measuring are based on the 
assumption that the common elastic equations can be 
used to correlate, at any point, the three principal 
and X; with the three principal stresses 
Si, and S;: 


(Se = nS3 = 


X3 = = (S3 — nS, — 


where EF = Young's modulus and n = Poisson’s ratio. 
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In view of the complicated'*’: '**:'** nature of these 

measurements and computations, many methods neglect 

the triaxiality of the problem and the average stress in a 

given direction is computed from the simple relationship: 
S = E, 

It should be kept in mind, however, that whereas for 
thin plates (up to about '/, in.) the variation of residual 
stress across the thickness may be disregarded, for thick 
plates the determination of all three principal stresses 
parallel, perpendicular and in the direction of the thick- 
ness of the weld—s very important. 

Methods and results of measuring internal stresses in 
welded and unwelded articles are critically reviewed by 
G. Sachs and G. Espey in /ron Age, 148, 63-71 (Sept. 15), 
36-42 (Sept. 25) (1941). 


Suggested Research Topics 


1. Magnitude and distribution of shrinkage and 
reaction stresses in resistance-welded assemblies and in 
arc-welded high-alloy steels. 

2. Shrinkage stresses in single-run arc welds in thick 
mild steel plates and in soldered, bronze-welded and 
Thermit-welded joints. 

3. Systematic research to determine the effect of 
peening on relief of residual welding stresses. 

4. A comprehensive survey to establish to what ex- 
tent may overstrain be relied upon to relieve shrinkage 
stresses in welded higher carbon steel and to what ex- 
tent does impact overstrain relieve shrinkage stresses in 
welded low-alloy steel. 

5. An investigation aiming to elucidate shrinkage 
stress problems related to welding nonferrous metals. 
What relief or increase of shrinkage stresses may be ex- 
pected by aging reactions at room temperature in some 
precipitation-hardening nonferrous alloys? 

6. Theoretical and experimental work on 
stresses. 

7. A table containing reliable, quantitative data on 
the physical properties of metals at all temperatures that 
are important for all types of welding. The information 
contained in this table should include data on vapor 
pressure, thermal and electric conductivity, yield 
strength, etc. 

8. What effect do residual stresses have on the useful 
life of a structure subjected to tensile, torsion, impact 
and fatigue stresses under conditions where plastic flow 
is restrained. 

9. Measurement of residual stresses in a highly re- 
strained assembly. 

10. Research on dissipation of stresses in service. 

11. An investigation on the behavior in fatigue of 
notched specimens containing a known amount of resi- 
dual stress. 

12. Evolving a system for predicting the type and 
magnitude of residual stress from welding technique, 
joint geometry and design and preventive and corrective 
measures, 


multiaxial 
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Notched-Bar Tensile Test Characteristics 
of Heat-Treated Low-Alloy Steels 


By G. Sachs,t J. D. Lubahn and L. J. Ebert? 


Introduction 


REVIOUS investigations on notched tensile test 

bars were made with the immediate purpose in 

view of comparing various types of low-alloyed 
steels regarding their relative tendency toward ‘‘em- 
brittlement’’ under unfavorable circumstances. It was 
found that for a 60° sharp notch, the behavior of the 
metal was distinctly one of two types. For steels hav- 
ing a strength level below 200,000 psi., approximately, 
the notch ductility was relatively high, above 2%, say, 
and the notch strength was consistent and above the 
ultimate strength. For steels having a strength level 
above 200,000 psi., approximately, the notch ductility 
was nearly zero and the notch strength scattered widely 
between values close to the ultimate strength and values 
as low as 30% of the ultimate strength. The scattering 
of the notch strength values and the inaccuracies of 
measuring the notch ductility by the method used at 
that time made it impossible to draw definite conclusions 
regarding the behavior of the metal and to make com- 
parisons between different steels. 

In view of the difficulties encountered in the investi- 
gation made heretofore, it was considered advisable to 
continue the investigation along new and more funda- 
mental lines. The aim of the new program might be 
summarized as an effort to determine what variables 
are responsible for the scattering mentioned above, to 
investigate the effect of these variables on the behavior 
of the metal, and thus eventually to devise a testing 
method in which these variables can be controlled, for 
the final purpose of comparing the reaction of different 
steels to various conditions. 

It was also thought that only a detailed systematic 
study of these variables, eventually clarifying the stress- 
strain relations in notched-bar tensile tests, would elimi- 
nate the many uncertainties regarding the practical 
significance of the metal characteristics revealed by this 
test 

Of those variables which can be readily investigated, 
the ones which seemed most likely to be responsible for 
the scattering were as follows: 


|. Variations in surface conditions at the root of the 
notch. 

2. Variations in notch radius. 

5. Eccentricity of loading. 


(his paper deals with the effects of these factors on 
the results of notched-bar tensile tests on heat-treated 
low-alloy steels. In order to obtain reproducible results, 
't was found necessary to develop new procedures of 
te suing. 

* Abstracted from the Transactions of the American Society for 
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Regarding surface effects, such as decarburization, it 
is well known that the use of forming gas (SO°% Na, 
20% He) as a controlled atmosphere for hardening 
results in decarburization at the surface of the specimen. 
In the earlier tests' the decarburized metal at the root 
of the notch was not removed after heat treatment, and 
consequently this soft layer might well have had a pro- 
nounced effect on the over-all behavior of the notch. 
Therefore, a few tests, using the newly developed equip- 
ment, were made in order to determine the magnitude 
of this effect; and a technique of preparing the speci- 
mens was developed, which eliminated the scattering of 
the results caused by a varying surface condition. 

Regarding the notch radius, it was previously ob- 
served that a presumably “sharp” notch actually had a 
small radius, somewhat less than 0.001 in. Since there 
was no way of controlling the size of this small radius, it 
was thought that variations of the notch radius might be 
a partial cause of the observed scattering, particularly 
in view of the large effect of variations in radius on the 
stress concentration factor in the elastic range of strain- 
ing.2 In addition, the “‘sharpness’’ of a notch is con- 
sidered generally as a factor of considerable practical 
and theoretical significance for the strength properties 
of a steel structure. Consequently, the effects of the 
notch radius were made the object of an extensive in 
vestigation. 

For this purpose, a new testing fixture was built which 
permitted the testing of notched-bar tensile test speci 
mens without any superimposed bending. The results 
of such “‘concentric notched-bar tensile tests'’ were con- 
sistent; this test method appeared to yield character- 
istics of a heat-treated steel which cannot be obtained 
by means of any other test method 

The previous tests' were made with standard ball 
fixtures similar to those recommended by the A.S.T.M. 
Standards. The fact that these fixtures resulted in a 
considerable eccentricity of loading was verified by eccen 
tricity measurements on a number of specimens tested 
in these fixtures. Thus the importance of eccentricity 
as a cause of the observed scattering was definitely 
established. 

Several previous investigations,*: *° dealing with the 
effect of eccentric loading on the strength of notched and 
threaded tensile test bars, have used a tapered shim 
underneath the head or nut. This method is not definite, 
but creates eccentric loading during a test only as long 
as the head has not been bent to such an extent that it 
rests on both sides of the shim. 

In order to obtain more exacting conditions, expert 
mentation along new lines was conducted. A testing 
fixture was designed for applying combined tensile and 
bending loads to notched-tensile test bars. The notch 
strength in an “eccentric notched bar tensile test’’ de- 
pended primarily on the inherent ductility of the metal, 
and can be used as a measure of ductility, which appar- 
ently is more readily obtained by this method than by 
any other used at present. 
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Summary and Conclusions 


|. In order to obtain reproducible results of notched- 
bar tensile tests on high-strength, low-alloy steels, the 
testing conditions must be controlled considerably more 
closely than usual in the testing of materials. This 
should apply also to the tensile testing of any brittle 
metal. 

2. The results of the notched-bar tensile tests con- 
firmed previously drawn conclusions that a sharp notch 
embrittles severely any heat-treated steel. The ductility 
of notched tensile test bars decreased continuously with 
increasing strength level and became very small if the 
strength exceeded 200,000 psi. The strength of a 
notched bar, possessing an average ductility of more 
than a few per cent in the notched section, was consider- 
ably higher than the ultimate strength, primarily de- 
pending upon the notch depth. On the contrary, the 
notch strength of a metal possessing a low notch ductility 
may be considerably lower than the ultimate strength. 

3. The investigation of a steel heat treated to various 
strength levels and provided with notches of various 
radii revealed that the notch strength characteristics 
of a metal are complex functions of several fundamental 
factors: 


(a) The stress peak at the notch bottom is eliminated 
gradually by plastic flow. This explains that the tensile 
strength and fracture stress of notched steel bars are ad- 
versely and severely affected by a sharp notch only if 
the notch ductility is low. The stress concentration 
also accounts for the low yield strength and the smooth 
stress-strain curves of sharply notched bars. 

(b) The magnitude of the transverse stress, or tri- 
axiality, present in the notched section, depends little 
upon the notch radius, unless the fillet becomes very 
shallow. This explains that extremely high notch 
strength values can be obtained in test bars of high- 
strength steels provided with a smooth, deep notch, 


A asbesto (or amianto), asbestos 
antorcha (see soplete), blowpipe, torch 


acero, steel 
al carbono, carbon steel 
colado (or — fundido), cast steel 
- de aleacién (or — de liga), alloy steel 


bisel, bevel, bevel angle 


which consequently possess a low stress concey: 
and sufficiently high ductility. 

(c) The presence of residual stresses, the ma 
of which increases with increasing strength le: 
counts for the fact that the yield strength rati, ,; 


sharply notched bar is lower and scatters mo; 


higher the strength level. 


(d) The stress-strain and other conventions 
acteristics obtained by means of a regular tens! 
have no relation to the behavior of a metal subi: 


nonuniform, triaxial tension. 


4. The superposition of a bending moment 
a notched-bar tensile test yielded results whic! 


explained by the following conceptions: 


(a) The strength of a brittle 


material 


ration 


tude 


ac 


th 
Lue 


Li 


rapidly with the magnitude of a superimposed bending 


moment. 


(b) In a ductile material, the bending moment caused 


by eccentricity of loading decreases during the 
flow to an extent determined by the ductility | 


material. 


plastic 


the 


(c) A material possessing a certain ductility will 
possess a practically constant (notch) strength if th 


eccentricity does not exceed a certain value. 


(d) These relations permit to select an eccentricity 


which will range the notch strength values of various 
conditions of a heat-treated steel according to -1 


ductility. 
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— de carriles, rail steel 

—— dulce (or — suave), mild steel 

— inoxidable, stainless steel 
acetileno, acetylene 
acorvar, to bend 
adaptador, adapter 
adherencia (or adhesién), bond (adhesion ) 
alabeo, warping, buckling 
alambre de relleno, filler wire 

— de soldadura, welding wire 
aleaci6n, alloy 
alargamiento, elongation 
aluminio, aluminum 
amoladera, grindstone, grinder 
Angulo, angle 

de la muesca, groove angle 

— comprendido, included angle 
antiparras (or anteojos), goggles 
arco, arc, arc stream 

— carbénico, carbon arc 


* Assistant Professor, School of Engineering 
University of Havana, Havana, Cuba. 

t Research Assistant, Welding Research Coun- 
cil of Engineering Foundation 


blando, material, soft material 
boquilla, tip 

de corte, cutting tip 
bronce, bronze 


Cc 
calafateadura, calking weld 
calafatear, to calk 
calentamiento suplementario, concurrent 

heating 
cAmara de mezcla, mixing chamber 
capa, layer 
carbén, carbon 
careta de soldador, welding shield 
carga, load, loading 
casco de soldador, welding helmet 
cavidad, cavity, blowhole, gas pocket 
chaffan, chamfer, bevel 
charpar, to scarf 
cilindro, cylinder 
clases de soldaduras, types of welds 
cobre, copper 
cohesi6n, cohesion 
congelaci6n, freezing 
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rent 


cortar, to cut 


corte, a cut 


Spanish-English Dictionary of Welding Terms 


Compiled by L. P. Saenz* and M. A. Cordovi' 


continuidad, continuity 
contracci6n, contraction, shrinkag« 
corriente, electric current 
- alterna, alternating current 
— directa (or — continua), direct cur 


— arco-carb6énico, carbon are cutting 
—por arco metialico, metallic ar 


ting 


— en bisel, bevel cut 
— por gas, gas cutting 
costura, seam 
— de la soldadura, weld seam 
—, soldadura de, seam welding 
crater, crater 
crisol (para la termita), (thermit) crucible 


cristal, crystal, grain 


cromo, chromium 


deformaci6n, deformation, strain 


D 


densidad, lack of porosity, denseness 


despacio, slow 
destemple (or recocido), annealing 


distorsi6n, distortion 


dureza, hardness 


empalr 
—al 


encha 
endur 
ensan 

escall 
esfue: 


facto 
falla, 
fallo. 
ferri 
fogo: 
fond 
fract 
frag 


frec 
fuer 

fun 
fun 
fun 
fusi 
fus 


gaf 
gar 


gal 
gas 
gel 


ee de | 
elastic ¢ 
ctroc 
ele 
b 
— cal 
| 
cu 
de 
de 
nar m 
test — re 
gs ed to — fre 
1, 
auring 
4 
ri 
a 
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gre 
gr 
it- gr 
gr 
2 
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bi 
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iti 


itude 


E 


eje de la soldadura, axis of weld 
elasticidad, elasticity 
electrodo, electrode 
boquilla del, electrode tip 
carbénico, carbon electrode 
compuesto, composite electrode 
_ cubierto, covered electrode 
desnudo, bare electrode 
— de grafito, graphite electrode 
metélico, metallic electrode 
revestido, coated (sheated) electrode 
revestido con fundente, flux coated 
electrode 
empalme (or unién), joint 
abierto, open joint 
cerrado, close joint 
compuesto, composite joint 
de arista, edge joint 
flexible, nonrigid joint 
rigido, rigid joint 
a solape, lap joint 
soldado, welded joint 
T, Tee joint 
a tope, butt joint 
enchapar, hard facing 
endurecimiento, hardening 
ensambladura soldada, weldment, welded 
assembly 
escama, scale 
esfuerzo, stress 
de relajamiento, yield stress 
residual, residual (locked-up) stress 
térmico, thermal stress 
estafio, tin 
soldadura de, soft solder 
estatico, stati 
expansi6n, expansion 


F 


factor de potencia, power factor 
falla, failure 
fallo, defect, flaw 
ferrita, ferrite 
fogonazo de retorno, backfire 
fondo de la soldadura, root of weld 
fractura, fracture 
fragilidad, brittleness 
en caliente, hot shortness 
frecuencia, frequency 
fuente de voltaje variable, variable-voltage 
source of electric power 
fundente, flux 
fundicién, a casting 
fundir, to melt, cast 
fusibilidad, fusibility 
fusible, fusible plug 
fusién, zona de, fusion zone 


G 


gafas de soldador, welding goggles 
garganta (or cuello) teérica, theoretical 
throat (of weld) 
garabatillo, clamp, small vise 
gas, corte por, gas cutting 
generador de potencia constante (para 
soldar), constant power (welding) source 
grabacién, etching 
graduable, adjustabk 
grafico, diagram, chart 
grafito, graphite 
grano (see cristal), grain, crystal 
abierto (or grueso), coarse grain 
fino, fine grain 
grapa (or grampa), clamp 
grieta, crack 


H 
hidrégeno, hydrogen 
hierro, iron 
fundido (or — colado), cast iron 
de desecho, scrap iron 
de recalcar, calking tool 


I 


inclusi6n, inclusion 
de escoria, slag inclusion 
gaseosa, gas inclusion 


1944 


L 


lado (or pata) del filete, leg of fillet weld 
laminado, laminated 
latén, brass 
—, soldadura de, brazing, hard solder 
lento, slow 
lija esmeril, emery paper 
lima, file 
limite elastico (or — de elasticidad), elas 
tic limit 
— de escurrimiento, yield point 
llama, flame 
— aero-acetilénica, air-acetylene flame 
— carbonizante (or carbonizadora), car 
bonizing flame 
— del arco, arc flame 
— neutra, neutral flame 
— oxiacetilénica, oxyacetylene flame 
~ oxidante, oxidizing flame 
— oxihidrogénica, oxyhydrogen flame 
— reductora, reducing flame 
longitud efectiva de soldadura, 
length of weld 


effective 


M 
maleabilidad, malleability 
martillar, to hammer, peen 


suavemente (see calafatear), to calk 
metal basico (or — original), base (parent 
metal 


metal depositado, deposited metal 
amarillo, brass 
de relleno (or 
metal 
monel, Monel metal 
soldador, weld metal 
metales no-ferrosos, nonferrous metals 
método de soldar, welding method 
mezcla, mixture, amalgamation 
— termita, thermit mixtur: 
microfotografia, photomicrograph 
médulo de elasticidad ( or médulo elastico), 
modulus of elasticity 
molde termita, thermit mold 
mordaza, contact jaw 
muesca (see ranura), notch, groov: 
single V groove 
— J, single-J groove 
monobiselada, single-bevel groove 


orden, sequence, order 
orin, rust 
oscilaci6n, weaving 
oxidaci6n, oxidation 
6xido, oxide 
oxigeno, oxygen 
, lanceta de, oxygen lanc« 


de aporte), filler 


P 


pase, pass 
penetracién, penetration, depth of fusion 
pérdida por fusién, spatter lo 
plantilla de soldador, welding jig 
plata, silver 
polaridad, polarity 

directa, straight polarity 

invertida, reversed polarity 
polo eléctrico, elec tric pole 
polvo fundente, welding powder 
porosidad, porosity 
portaelectrodo, electrode holder 
postcalentamiento, postheating 
precalentamiento, preheating 
preparacién de la arista, edge preparation 
probeta, test piece 

-de metal soldador, 

test specimen 
procedimiento, procedure 
proceso de corte, cutting process 
prueba, test, test piec« 

—a flexién, bend test 
— de pliegue en frio, cold-bending test 

pudelaje, puddling 
punto cedente, yield point 


Q 


quebradizo (or fragil) en caliente, hot short 
—al frio, cold short 


all-weld-metal 


WELDING SPANISH-ENGLISH DICTIONARY 


R 
radiografia, radiograph 
raiz, root 
—, abertura de la, root opening 
—, arista de la, root edge 
“~» borde de la, root edge 
-, cara de la, root face 
~ de la soldadura, root of weld 
, radio de la, root radius 
raja, crack, fissure 
ranura (see muesca), groove, slot 
reacci6n termita, thermit reaction 
recocer, to anneal 
recocido, annealing 
refuerzo, reinforcement 
de la soldadura, 
weld 
relacién de fusi6n, relative rdte of fusion 
relevacién de esfuerzos, stress relief 
relleno, padding, filling 
resilencia, resilience 
resistencia, resistance, strength 
a la compresi6n, compressive strength 
a la cizalla (or al esfuerzo cor- 
tante), shearing strength 
al fallo (or a la rotura), 
strength 
a la fatiga, fatigue resistance 
a la flexién, flexural resistance: 
al impacto, impact resistances 
a la torsi6n, torsional strength 
a la traccién (or tensora), t 
strength 
m4xima a la tracci6n, ultimate tensile 
strength 
resistente, strong 
respaldo, material de, backing strip 
retacar, peening 
rotura (or fractura), br: 


reinforcement of 


breaking 


ik, fractur 


S 


saltando el arco, drawing the a 

sierra, a saw 

solapar, to lap, overlap 

soldabilidad, weldability 

soldable, we ldabl 

soldado por recubrimiento, lap-welded 

soldador, welder 
de arco, arc welder 

soldadura, a weld, welding, soldering 
aero-acetilénica, air-acetylene weld 
ing 
amarilla, hard soldet 
de Angulo, angle weld 
de arco, arc welding 
arco-carbénica, carbon-are welding 
de arco con lat6n, arc brazing 


de arco protegido, shielded are weld 
ing 
por arco melatico, metallic arc weld 
ing 


de arista, edge weld 
autégena, autogenou 
automatica, automatic welding 
compuesta, composite weld 

céncava, concave weld 

continua, continuous weld 

contra horizontal, overhead weld 

con cubrejunta, strap weld 

directa, forehand welding 

a doble bisel, double bevel weld 
estanca(or de sellado), seal weld 

de estafo por aleacién de plata, 
silver soldering (silver alloy brazing 
con filete, fillet weld 

de filetes alternados a tres bolillo, 
staggered intermittent fillet weld 

de filetes en cadena, chain intermit 
tent fillet weld 

de forja, forge (blacksmith )welding 
por gas, gas welding 
hidrégeno-atémica, atomic-hydrogen 
we Iding 

horizontal, horizontal welding 
intermitente, intermittent weld 

a la inversa (or de revés), back 
hand welding 

de latén, brazing 

de mano, manual weld 


welding 
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a martillo, hammer weld 
de montaje, field weld 


- de muesca, slot weld 


miltiple de puntos, multiple spot 
welding 
a nivel (or — plana), flush weld 


- ondulada, ripple weld 


oxiacetilénica, oxyacetylene welding 


de solapa, lap weld 

de tapén, plug weld, slot weld 
termita, thermit welding 

termita a presién, pressure thermit 
welding 

a tope, butt weld 


-a tope por resistencia eléctrica, re- 


sistance butt weld 


U 
uni6n (see empalme), joint 
circular, circumferential (¢i-+, 
de solapa, lap joint 
a tope, butt joint 


Vv 


— vertical, vertical welding 
soldar, to weld, solder, braze 
sopladura, blowhole 
soplete, blowpipe 
soplo magnético del arco, arc blow 


— por percusi6n, percussive welding 

por presi6n, pressure welding 

— de prueba, test weld 

— por puntos, tack welding 

— por puntos, spot welding 

—por puntos automftica, progressive 
spot welding T 

—por puntos projectados, projection 
spot welding 

— de ranura biselada, bevel-groove weld 

— de ranura en V, V-groove weld 

— de ranura en J, J-groove weld 

— de ranura recta, square groove weld 

— con reborde, bead weld 

— reforzada, strap weld 

— de resistencia, strength weld 

— de retroceso, step-back welding 

— sin presién, nonpressure welding 

— al sesgo, scarf weld 

— sobre horizontal, 
weld 


valvula de seguridad (or 
blowoff valve 
varilla soldadora, welding rod 
velocidad de deposici6n, rate of 
(of weld metal) 
de fusi6n, melting rate 
de soldar, speed of welding 
voltaje, voltage 


de lescarga 


temperatura, temperature 
— critica, critical temperature del arco, arc stream voltag: 

templar, to temper, quench en circuito abierto, open-ciy 

tenacidad, toughness, tenacity age 

tenaz, material, tough material 

tensi6n, stress 

tensi6n de rotura, tension stress, ultimate 
tensile strength 

termita de forja, forging thermit 
— simple, plain thermit 

tiempo, time 

tratamiento térmico, heat treatment 

tubo, pipe 


zona, zone 
no afectada, unaffected zon 
de fusién, fusion zone 
—de influencia térmica, heat-affecte, 
zone 
— de metal soldador, weld metal zon 
— de refinamiento, refined zon 


flat (horizontal) 


Properties of Heat-Treated Flash Welds 
in a Chromium-Nickel-Molybdenum 
Steel 


By J. C. Barrett* 


Introduction The material was in the form of a 1!/2-in. thick plate, 
originally heat treated to approximately 260 Brinel! 
hardness. One-inch round bars were made from the 


NTIL recent years flash welding in the ferrous field . 
stock for the flash welding experiments. 


was confined largely to low-carbon steels. Now 

that flash welding of alloy steels has become more 
common practice, a host of problems has arisen which 
were not formerly present. One of these problems con- 
cerns the ability to obtain a flash-welded part which, in 
the heat-treated condition, will have properties as good 
as the unwelded stock. This paper deals with this prob- 
lem to a limited extent. Flash welds were made in 1-in. 


Welding Schedule 


Welding was carried out on one of our hydraulicall; 
operated flash welders, 150-kva., as shown in the photo- 
graph, Fig. 1. 

The welding schedule used is as follows: 


rounds of a chromium-nickel-molybdenum steel. These 
welds were heat treated to several hardness ranges; Initial die opening......................... 2°/g 1 
tensile tests, hardness explorations and metallographic Die opening at upset........................ 1’/91 
studies were made. Final die opening......... 15/, in 
: Distance flashed by hand................. 1/, in 
Material Distance flashed automatically.............. in 
The steel used for this investigation is a chromium- Current cutoff after upset ER <4 15 cycles 
nickel-molybdenum steel of the following type analysis: Fotal automatic flashing time 16 si 
Manganese. 1.10 A sharp upset was deemed necessary to make the Ka 
80-1.00 As-Welded Material = 
0.50-0. 60 Figure 2 illustrates the metallurgical changes v 
* Metallurgist, The Taylor-Winfield Corp., Warren, Ohio. occur in a flash weld in this material without subsea 
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Fig. 2—Variation of Structure Across Flash Weld in a Chromium-Nickel-Molybdenum Steel. 
eters. B, C and D, 200 Diameters. B, Edge of Heat-Affected Zone. 
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A, 2.5 Diam- 
C, Weld. D, Parent Metal. Etchant: 
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| 
| 
S Fig. 1—B-11-B 30° Hydraulic Butt Welder, with Horizontal Clamping Fixtures Came 
ry HEAT AFPRCT at \ 
l EAT D | | \T AFFT I 
a 
’ 
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Load at 
Draw Rockwell 0.050 In. Yield 
Bar Temp., — Diam., Extension, Strength, 
No. mA Hardness In. Lb Psi. 
1 700 44 0.501 31,000 157,000 
2 700 44 0.501 33,900 172,000 
3 800 43 0.502 36,000 182,000 
4 800 42 0.501 36,000 183,000 
5 900 41 0.501 34,500 175,000 
6 900 41 0.498 34,600 178,000 
f 1000 41 0.502 33,700 170,000 
8 1000 40 0.499 34,309 174,000 
9 1100 37 0.496 31,890 164,000 
10 1100 38 0.501 30,600 155.000 
11 1200 26 0.500 23,200 118,900 
12 1200 26 0.503 24,100 121,000 


* Broke in weld zone. 


| 
EDGE OF | | EDGE OF 
HEAT AFFECTED | ! | HEAT AFFECTED 
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DISTANCE FROM WELD LINE, INCHES 


Fig. 3- -Photomacrograph at 2.5 Diameters and Vickers Hard- 
ness Plot Across a Flash Weld in 1-In. Diameter Chromium- 
Nickel-Molybdenum Steel As-Welded. Specimen Etched with 
4% Nital. Hardness Values Plotted Across the Center of Section 


heat treatment. In Fig. 2 (A) is shown the macrostruc- 
ture. Note the thin white line of decarburized material 
at the weld and the well-defined heat-affected zone. The 


microstructure at the middle of the weld, with its coarse 


martensitic structure, is seen in Fig. 2 (C). At the edge 
of the heat-affected zone, Fig. 2 (B), is seen that part 
of the material which had become heated to a range be- 
tween the upper and lower transformation points. Here 
the tempered martensite present in the original parent 
metal has only partially transformed, resulting in a mix- 
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Table 1—Tensile Test Results 


Length % Diam 

Ultimate Tensile After Elong. After , 
Load, Strength, Test, in 2 Test, ed 

Lb. Psi. In. In. In, in Area 

2,300 214,000 2.07 3.5 0.494 Qt 
41,700 211,000 2.15 7.5 0.480 »* 
39,800 201,000 2.24 12.0 0.351 9 
40,000 203,000 2.27 13.5 0.350 0) 
38,300 194,000 2.20 10.0 0.445 2 ‘ 
38,600 198,000 2.2¢ 13.5 0.350 F 
37,300 189,000 2.06 3.0 0.494 4 
37,900 194,000 2.15 7.5 0.475 44 
33,500 173,000 2.08 4.0 0.472 
34,700 176,000 2.35 * 0.335 55.7 
25,990 132,000 2.36 18.0 0.359 185 
26,100 131,000 2.41 20.5 0.298 6. 


ture, which, after cooling once more, resolves itself jy}, 
ferrite and fine martensite. Figure 2 (D) shows the 
parent metal, which is composed of a fine-grained tem 
pered martensite. 

Figure 3 again shows the macrostructure of th 
welded specimen, together with a Vickers hardness ex 
ploration chart, showing hardness values across the weld. 
Note the high hardness of the heat-affected zone and 
dip in hardness at the decarburized weld line. 

Obviously, if it is desired to obtain flash-welded | 
stock of the uniformity of the original material 
treatment after welding is necessary. 


Heat Treatment After Welding 


Eighteen welds were made on the above scheduk 
these, 12 (marked Nos. 1 to 12) were cut transversely 
in. on either side of the weld, for tensile test bars, whi! 
the other 6 (marked Nos. 13 to 18) were cut 1|'/» in 
either side of the weld for Vickers hardness surveys 
microspecimens. The flash and upset were ground off 
and the samples heat treated as follows: 

1650° F.—1 hr. at heat 

1550° F.—1 hr. at heat 
The specimens were then tempered at various tempera 
tures as follows: 


air cooled 
water quenched 


Nos. 1, 2 and 13 700° I 
Nos. 3, 4 and 14 
Nos. 5, 6 and 15 . 900° F 
Nos. 7, 8 and 16.... ...1000° F. 
Nos. 9, 10 and 17.... 
Nos. 11, 12 and 18.... ..1200° F 


This gave two tensile bars and one hardness specimen ior 
each tempering temperature. 


Tensile Tests 

The 12 longer specimens were turned into standard 
0.505-in. tensile bars, with threaded ends and with 1! 
weld in the center of the measured section. Tensile tes! 
results can be found in Table 1. 

It was hoped that the tensile strengths of the bars 
would decrease uniformly as the tempering temperaturt 
was raised, thus allowing us to locate the strength value 
at which fractures stopped occurring outside the weld 
and started breaking at random, i.e., either in the welé 
zone or outside it. However, due to the high mol) bd 
num content, the steel resisted tempering until a re! 
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tively high temperature was reached. Thus it is seen 
that all bars except Nos. 11 and 12 (tempered at 1200 
F.) are at a high strength level. Moreover, all these 
bars exhibit this random breaking. It may be that a 
level of tensile strength somewhere between about 
175,000 psi. and 130,000 psi. would represent the limit 
of uniform breakage outside the weld. However, there 
is no reason to believe that freedom from breaking in 
the weld zone will ensue at strengths under 130,000 psi. 

None of the bars, irrespective of type of break, fell 
below the strength expected by virtue of the Rockwell 
C hardness value. This is worthy of note, since it has 
been thought that after a certain strength level had been 
passed the bar would not only break in the weld, but at 
a low strength value. It is found, however, that those 
bars which broke in the weld zone are much lower in 
ductility than those which broke outside the weld. The 
broken test bars are shown in the photograph, Fig. 4 
Even in those cases where breakage occurred in the weld 
zone, the fracture was not straight across the bar, but 
occurred partially in the parent metal. 


Hardness Surveys 


(he six short pieces, Nos. 13, 14, 15, 16, 17 and 18, 
were sectioned axially, and one of the resulting halves 
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Fig. 4-—-Broken Test Bars 


of each was polished on the cut face for Vickers hardness 
measurements. The 10-kg. load was used, and hardness 
values were obtained both in the parent metal and at 
the weld line. Averages of these values are shown in 
Table 2. 


Table 2 
No. 18 14 15 16 17 
Tempering temp., ~ I TOO 800 900 L000 1100 1200 
Hardness 
Parent metal $76) 163 $45 {48 119 
Weld line i176 448 147 417 200 


In all cases the hardnesses of the weld line and the 
parent metal are practically identical. This means that 
any decarburized zone existing at the weld line has 
disappeared in heat treatment, due to diffusion of carbon 
across the weld line. Any attempt, then, to attribute 
breakage in the weld zone to a lower hardness in that 
zone is purely fallacious. 

Figure 5 shows the macrostructure and hardness 
survey of Specimen 14. Note the marked change in 
direction of flow lines at the weld, and the uniformity of 
hardness across the entire piece. 
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Microstructure 


Microsections cut from the remaining halves of pieces 
Nos. 13 to 18 reveal that, except for a few minor rounded 
inclusions, all welds are sound. On this basis, then, 
failure in the weld zone cannot be attributable to dis 
continuities or inclusions in the weld. It may be that 
the change in direction of flow lines at the weld, 
across the bar, because of the upsetting action, accounts 
for breakage near the weld at lowered ductility. 
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DISTANCE FROM WELD, INCHES 


Fig. 5—Photomacrograph at 2 Diameters and Vickers Hardness 
Plot Across a Flash Weld in 1-In. Diameter Chromium-Nickel- 
olybdenum Steel. Specimen Normalized, Water Quenched 
nd Tempered at 800° F. Specimen Etched in 4% Nital. 
Hardness Readings Taken Across Center of Section 


This lowering of ductility is important in that, while 
listed strength values for the more brittle bars are on a 
par with those for the ductile bars, the ductile bars 
possess in effect a somewhat higher strength, since the 
cross-sectional area is smaller when breakage occurs. 
Listed strength values are based on original cross-section 
area and not on that at fracture. 

Figure 6 reveals the microstructure at the center of 
the weld of Specimen 14, at 200 diameters. The weld 
line cannot be distinguished at this magnification. In 
comparing this microstructure with that shown in Fig. 
2 (C), the much finer grain of the former can be seen. 


Conclusions 
1. Regardless of tempering temperature, all test 
bars showed full strength. é 
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Fig. 6—Microstructure of Weld Line in Heat-Treated Flash presel 
Weld in 1-In. Diameter Chromium-Nickel-Molybdenum Stee! ol 

Specimen Normalized, Water Quenched and Tempered aj 
800° F. Weld Line Horizontal. Note Fine- ened Tempered 

Martensite Structure. 200 x Etchant: > Nital 


2. Breakage in test bars occurred at random. ix testi 


either in the weld zone or outside it. When the loca “> 
tion of failure was the weld zone, loss of ductility was é 
apparent. 
3. The range of tempering temperatures did not allow 
a determination of the strength level below which 
ture occurred outside the weld and above which randon 80-8 
breakage was apparent. Itis not at all certain that such a of tl 
division exists. lone 
4. Hardness values taken in the weld line and in the = 
parent metal were identical for all samples tested. No 
inclusions except a few of very minor importance wer 
found in the weld line. : 
5. Failure in the weld zone 1s not attributable to the lists 
presence of inclusions or to loss of hardness. C! if 
the direction of flow lines in the steel, 
upset, may account for lowered ductility in th e ol Wun 
those bars which broke in the weld zone. weg 
6. The metallographic structure of the material at “si 
the weld line appears the same as that of the parent 
metal after the welds are heat treated. Change of d 
tion of flow lines is the only distinguishing feature be 
tween the weld and parent metal. 


caused by weld ably 


Suggestions for Further Study 


It is possible that after heat treatment there exist 
slight structural and chemical differences between we! 
line and parent metal, and that these differences cannot 
be brought out by hardness exploration or metallogr 
examination. If this is so, a high temperature | 
genizing treatment (2000° F. or above) applied t 
welds before normal heat treatment, should nullify thes 
differences. This might cure the loss of ductility wi 
is apparent when breakage occurs near the weld. W' 
intend carrying out experiments along this line at a late! 
date. 
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Stress Distribution in Spot-Welded 


HE purpose of this investigation 
was to determine the stress distri- 
bution patterns produced on loading 
multiple spot-welded joints in_ steel. 
[he various spot-weld arrangements are 
shown in Figs. 2 to 8 where are also re- 
presented the stress distribution curves 
obtained. The splice plates were 0.12 
thick, 3.1 in. wide; the main (middle) 
plates were 0.24 in. in thickness. Welding 
was done in an ““ATA-75”’ machine, the 
spot diameter being 0.28 in. The speci- 
mens were pulled in an Amsler tension 
testing machine of 45,000 Ib. capacity 
and the strains were recorded by means of 
mveniently located Huggenberger ex- 
ensometers (0.79 in. gage length), Fig. 1. 
Che following general conclusions were 
lerived from these tests: 
rhe end groups of spot welds take 
80-85% of the total load, irrespective 
of the number of spots between them; 
15-20% of the total load is taken by the 
pot welds in the middle of the joint 
2. The distribution of stresses in a 
spot-welded joint is dependent on the 
umber of end spots. The larger this 
nber, the more uniform is the stress 
tribution pattern. 

Spot-welded joints should prefer 
ibly be constructed so that a greater 
iumber of the welds are located in the peri- 
phery rather than the middle portion of the 
jomt. 


+. In riveted joints, the nonuniformity 


of stress distribution may be decreased 


by decreasing the pitch between rivets; 


* Abstracted from an article appearing in Artog 


Delo, 10 (10, 11) 15-17 (1939), by M. A. Cordovi 
Kesearch Assistant, Welding Research Council 


Joints 
By G. P. Michailov 


similarly, a more uniform stress distri- obtained by spacing the welds closer 
bution in a spot-welded joint may be together. 
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Fig. 1—Dimensions of Specimens Used 


Figs. 2 to 8—Stress Distribution Patterns. Spot Arrangements Shown at Left Side of Each Diagram 
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Hammer Test 


Discussion of Paper by C. O. Dohrenwend in 
Welding Research 


By E. D. Grimison! 


HE hammer test is of importance mainly in rela- 

tion to safety codes for the construction of 

pressure vessels, in which this type of test has 
been included as a substitute for radiography or other 
nondestructive test of welded joints. Experience has 
indicated it to be a test of occasional but unreliable value 
in detecting the presence of defects in welds which are 
safety hazards. In some of the instances when it has 
been successfully applied, the hammer test has called 
attention to the presence of defects by almost complete 
destruction of the vessel with attendant loss of life. 
This has led to the relaxation of the test requirements 
in some of the construction codes. For instance, in the 
A.S.M.E. Code for Construction of Unfired Pressure 
Vessels, the requirements for hammer testing of un- 
radiographed, fusion-welded joints of vessels exceeding 
certain prescribed sizes have been relaxed to permit 
subjecting them to this test while empty. Vessels 
smaller than the prescribed size must be hammered at 
6-in. intervals along all butt-welded seams, while under 
a hydrostatic pressure of 1'/: times the allowable work- 
ing pressure. 

From this practical viewpoint, the principal signifi- 
cance of Dohrenwend’s paper would be in relation to 
the hammer test requirements of the safety codes. It is 
assumed that the paper is offered as a progress report 
which describes the first provision of means for accurate 
measurements of the strains incident to the hammer test, 
by a very ingenious application of modern instrumenta- 
tion to the problem. It is greatly to be hoped that this 
study will be continued, and because the paper does not 
discuss the practical requirements of the complete 
experimental study, this discussion introduces this phase 
of the subject. 

The hammer test should be examined as to its ade- 
quacy in respect of the following details: 


1. Required weight of hammer; i.e., equal in pounds 
to the thickness of the plate in tenths of an 
inch, to a maximum of 10 lb. 

Prescribed manner of striking; i.e., 

sharp swinging blow.” 

3. Required spacing of blows; i.e., at 6-in. intervals 

along the length of both sides of the welded joint 


“with a 


The test should not cause the failure of a joint which is 
satisfactorily sound, but it should reveal the presence 
of defects exceeding an acceptable degree of severity. 
On this basis, we are interested in localized areas of stress 
concentration due mainly to notch effects of slag inclu- 
sions, porosity or shrinkage cracks, and we must inquire 
whether the stresses locally imposed by the hammer test 
are sufficient to reveal these defects by either local or 
general failure of the joint. 
* Published in Welding Research Reagetames nt, Oct. 1943. 
t The Babcock & Wilcox Co., New York, N. Y. 


_ thickness should be investigated. 


Dohrenwend used only one weight of hamme; 


( 
8lb. In order to secure reproducible results, m, = 
hammering was used. While this is academica|! more 
satisfactory, it entirely disregards the essentia] , ‘(uire- 
ment of a practical examination of the hamm, . test 


as applied under the codes. An experimental study 
of hand hammering might yield some very interestiy y 
results. From the scanty data which are presented jt 
appears that the mechanical hammering used »: epro 
duces the maximum effect of hand hammering as tried 
by Dohrenwend. However, it must be borne in ming 
that these results are specifically for the free fal! of 
8-lb. hammer for a distance of 41 in., and not 
very mixed effects of typical hand hammering. 

It is not sufficiently emphasized in the paper that th 
measurements are of local increments of strain, over th 
average strain due to internal pressure in the vessel or 
to any other loading on the joint, such as that of re 
sidual stresses from shrinkage. Dohrenwend shows 
maximum stresses, corresponding to the measured 
strains, of the order of 20,000 to 30,000 psi. A notch 
effect of the degree of severity to be discovered by the 
hammer test would be a stress-raiser, probably having 
an effect of 100 to 200%, which would mean a loca! 
stress of the order of 60,000 psi. from the internal pres 
sure in 70,000 psi. plate designed for full use of allow 
able working stresses of present Code provisions and 
under the hydrostatic pressure requirements of the 
hammer test. Except in an extremely defective joint 
this would not cause failure, but the addition of th 
stress due to the hammer blow would cause failure, partic 
ularly if concentrated. If the plate material wer 
notch sensitive, the effect might be sufficient to bring 
about fairly general failure. 

However, the data given indicate that the revised 
requirements of hammering large vessels while empty 
will not be adequate to discover the weld defects i: 
question except under much harder hammering tha: 
that used by Dohrenwend. If these test results are to be 
accepted at their face value (and there is no good reason 
for not so accepting them) it indicates the need for 
some further study of the revised requirements. 

The conclusion reached above, as to the indicated 
adequacy of the hammer test as applied to vessels 
under hydrostatic pressure, is probably sound only withn 
limits. The rapid reduction in intensity of the stresses 
resulting from the hammer blow, with distance tron 
the point hammered, apparently would drop the stress 
below an effective value with the spacing betwee 
hammer blows now allowed by the Code. It is probabl 
also that there is some dissipation of force in travel 
the stress wave through the thickness of the plate. 

Thus it is not established by these experiments tha 
the hammer test is adequate in general for revealing the 
presence of dangerous weld defects in pressure obey 
even under hydrostatic pressure of 1'/2 times the work 
ing pressure for which the vessels are designed. [xten 
sion of this study should be directed particularly towar 
an investigation of the maximum distance betwee! 
hammer blows which should be permitted if the test 
is to be effective. This investigation should be madi 
over a sufficient range of thickness of plate. I 
considered practicable to explore the thickness rang 
fully, samples representative of at least the extrem 
It is difficult to sug 
gest a proper test procedure which does not employ s 
mens including weld defects of both permissible and 
permissible degrees of severity. This suggests a 
undertaking, which is required to secure useful answe! 
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Fig. 2—-View of Camera Installation 


the use of three needle-pointed set screws at each end. 
Elongation of the specimen moved the slides over the 
resistance wires, thus changing their resistance and 
varying the current through one element of a recording 
scillograph. By previous calibration the recorded 
current could be reduced to actual specimen deforma- 
tion. 

In order to obtain the corresponding loads, a special 
stud was made as shown in Fig. 4, on which electrical 
resistance wire strain gages were mounted and con- 
nected in a conventional bridge circuit; the output from 
the bridge being recorded directly on the oscillograph. 
Since both recordings were made at one time, it was a 
simple task to construct the desired load-deformation 
diagrams. 

This apparatus was completely satisfactory. No 
difficulties were experienced in its use, and the time 
required for test, including installation and removal of 
specimens, averaged only 10 min. per specimen. 


Fig. 3—View of Specimen Assembly 
Specimens 


Specimens were of two kinds, which will be herein 
after referred to as Types | and 2, as shown in Figs. 5, 
6 and 7. All Type 1 specimens carry the prefix AW pre- 
ceding the specimen number and refer to arc-welded 
specimens while Type 2 specimens carry the prefix FW 
preceding the specimen number and refer to flash 
welded specimens. The specimens are identified in 
Table 1. 

The selection of the particular type of specimen for 
test was made for two reasons: 

1. For the developmental study of flash welding, a 
diagonal strut used in a production item engine mount 
was originally chosen as a representative structural 
application. This part had an internally threaded 
fitting at one end with a fish-mouth weld to the tubular 
section, and a shear-web weld at the other end to a lug 
Since the fish-mouth weld was considered to be more 


Fig. 4 Arrangement for Static Test 
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critical than the shear-web weld, it was selected as the 
basis of comparison, and the fatigue tests reported in 
Part B of this report were conducted on both fish-mouth 
are welds and on flash welds. 

2. The end fittings on the impact specimens were 
made as long as practical in order to maintain the same 
length of specimen as used in the fatigue tests but using 
only two welds; these welds being placed as far as 
possible from the internal fillet so that no restraint would 
be offered to any tendency toward ‘‘necking’’ down in 
the fitting. 

The specimen end fittings showed considerable di- 
mensional variations, as follows: 


O.D.—1.490 to 1.502 
W all—0.064 to 0.073 


In addition, as will be noted by the notch failures 
encountered, wide variations existed in specimen quality. 
These notches, occurring mostly at the fillets, in two 
cases resulted in a reduction of area of 50°, (FW-3 and 
AW-14), and in other cases of 30°. 


Test Procedure 


The test procedure was identical for all static tests 
and for all impact tests, respectively, and may be sum- 
marized as follows: 


Impact Tests 


After installation of the specimen in the impact test 
machine, the entire assembly of upper carriage, release 
mechanism, tup, specimen and platform was raised to 
the required height (about 29 ft. for the tests described 
herein) and allowed to fall freely, the camera being 
automatically started by the switch shown in Fig. 8. 
The impact velocity used in these tests was thus of the 
order of 43 ft. per second. 

Following development of the film, it was viewed with 
a regular ‘‘Recordak”’ viewer in order to measure the 
space-time relations of the falling scale. Figure 9 is an 
enlargement of two successive frames of a typical re- 
cording. 

The energy absorptions were computed from the 
space-time relations by the method given in Appendix 
II, Part A, of this report. In many cases no recording 
was obtained before impact, and in these cases it was 
necessary to resort to a special procedure which is like- 
wise given in Appendix IT. 


Static Tests 


1. Deflection Calibrations—The slide wire was 
mounted on two telescoping tubes. With the initial 
gage length determined, a resistance in the oscillograph 
circuit was adjusted so that the deflection of the oscillo- 
graph elements was of the desired order. The telescop- 
ing tubes were then moved relative to one another by 
means of a graduated screw, thus changing the effective 
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Fig. 5—Photograph of Two Typical Test Specimens 
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Table 1—Tabulation of Test Specimens 


Specimen Type Kind of Heat Treatment Heat Trea; 
No. No. Weld Before Welding After \ 
AW-1 ) 
to } i Are 
- AW-4 J 
AW-11) 
to l Are 
AW-14) 
AW-21 
to > 1 Arc 
AW-24| 
AW-31 
to > 1 Are 
AW-34 
FW-1 ) 
to 2 Flash 
FW-4 
FW-11 
to } 2 Flash 
FW-14, 
FW-21) 
to > 2 Flash 
FW-24) 
FW-31) 
to >} 2 Flash 
FW-34) 
FW-41) 


Normalized None 
Normalized Normalized 
Normalized 125,000-—145.00¢ 
Normalized 150,000- 170,000 
Normalized None 
Normalized Normalized 
Normalized 


125,000-145, 00 


Normalized 150,000- 170,004 


bo 


to } Flash 125,000-145,000 None 
FW-44) 
FW-51) 

to }; 2 Flash 


150,000-170,000 None 
FW-54) 


length of the slide wire and causing the oscillograph 
elements to deflect. Figure 10 is a curve showing th 
result of this calibration. 

2. Load Calibrations——The load calibrations were 
accomplished by attaching a fitting to the special stud 
shown in Fig. 4, and loading in increments, after pre- 
loading several times to higher loads than those ex- 
pected for tests. The bridge unbalance was recorded 
directly, using supersensitive oscillograph elements 
Figure 11 is a curve showing the result of the load cali 
brations. 

3. Test of Specimens.—Aiter the completion of de- 
flection and of load calibrations, the slide wire and the 
stud were installed on each specimen, the specimen 
placed in the testing machine and the load applied at « 


constant rate of approximately 0.05 in. per inch per 


“minute. No “drop of the beam” was experienced ex- 


cept in one test, where it was almost imperceptible 
Figure 12 is a photograph of a part of a typical recording. 

From these recordings, load-total strain curves wer 
constructed and the total area under these curves deter- 
mined by graphical methods to determine the total 
energy absorption. In all cases, the elastic strain 
energy was included in the total energy. 
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Welding Welding Test Average Rockwell JU.T.S. Ends 
"C"Seale Average 


Type Rockwell 0.1.8. Average Average Average Total Max. Location 
Before After of Hardness From Indicated Area of Ares of Energy Load of 


Ft. 


Lbs. 


Bore. _| None {Impact | 15.6 93,500) »2887 | .709) 
\Statioc 15.5 | 95,500) 95,000 2886 | .7029 
Impact | 12.5 91,500 _} 22930 +7091 


| Static 17,3 101, 600/105,000 | ,.2915 27123 
| [Impact | 18.7 | 106,000 2986 | .7128 | 
AB-14 Impact 17,0 101, 000 } +2910 27123 


= 


4 


Max. Overall Percent Energy 


| 
23 * | 29.0 | 138,000 | | | 2086 | 1,06 6.56 | 23,800 | No Yes 

| * | * | 38,6 |161,000/149,000 | .2935 | | 643 _| _} -0.00__| 0400 CC | roe | 
| 32.7 {148,000} ____| ,3059 | .7080 | 2618 | 46,900 |Patting {165,000 | 0,35 | 2,06 46,000 | --- 
| Norm. | 16.3 97,000] __| | 2338 | 33,200 | Pitting 113,000 | 0.83 3.61 | $3,700 | --- 
{Impact} 17.8 103,000/100,000 | | .2008 | | 1.58 | 6.87 | 30,000 | Mo Tes 
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Test Results 


lest Results 


A complete tabulation of the test results, including all 
pertinent dimensions, will be found as Table 2. Photo- 
graphs of the test specimens after failure are shown in 
Figs. 13 to 18, inclusive. Load-deflection curves for 
the static specimens tested are shown as Figs. 19 to 25, 
inclusive. All measurements were taken over a 23-in. 
gage length, this being the distance between the internal 
fillets on the end fittings. 


Discussion of Test Results 


Selection of Type of Impact Test 


At the start of the tests reported herein, it became 


LCP 


test to be used. The tensile impact test was chosen 
for several reasons, as follows: 
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actual 


|. ‘Torsional impact tests were definitely out 0! 
question because of the complicated and expe! 
apparatus required and because the reduction © 
values to practical applications appeared to be limit: 
2. Likewise, bending impact tests, white relativ: 
simple, did not appear to have sufficient application | 


testing. 


aircraft .construction to warrant this typ 


3. Since flash welds would be critical in tensico: 


Stress Blonge- Elongation Absorbed 
Centers Absorp. In Los. Pailure At Pailed tion in Overall Elngtion Impact 1, 
Section Inches Lbs, 


--+ 4 


thie 


appeared advisable to conduct impact tests in such a wa 
that the weld would be placed in pure tension 


addition, the data obtained from such a test would 


more widely applicable to actual conditions. 


A. 


General Observations 


Effect of Notches 


As will be noted by a reference: 


Table 1, eight specimens failed in the end fitting 


cause of notches left by careless and improper machin 
It accordingly appears that the effect of notches 
dynamic strength is a matter deserving of serious « 
sideration when allowables are based on 100°; of nomu 
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TABLE BO. OF FEST RESULTS 
Reon: oe 
| | aos | 29,200 | Yea 
| No Data} 1.38 | 8.61 | 4,6, 
40% = | 8.81 | 34,800 | Yes 
Ho Date} ~——-}- 0.88 | 5.56 | Me 
2342 34,000 417.000 | | 6.28 | $3,600) _. 
653 + 0.08 | 0.60 | 85.000 Tes 
| 
| 
+ 
| 
| | impact | 26.8 | 129,0001127,000 | .2990 | | 2sez | | 2.87 | 48,000! | Yes a 
| 27.7 399. 800 -4 23069 2973 1.08| 4,70. } $3,000; | Yea 
Impeot | 26.2 | 126,000 | .2896 | 1.09 47,500} Yes | tes 
| 180-170 Mone | Impact | 33.2 | 160,000) | | 540 | | 0.08 | 0.22 | 129,500) Yee | 
| | 83.7 | 162,000/261,000 | | .2891 | 668 —+Topwels | 0.08 | 0.36 | 99,700, Yee 
tic 33.2 60,000) 1.4 _ 22,000 | Held | 0.08 | 0.15 26, 600 | 
| 
4 
. 
to arrive at a decisi ré the type of 


in either fitting or center section but not through weld 
or notch) the energy absorption for impact loading was 
considerably higher than for static loading. This point 
appears to be well established and hardly open to 
criticism, but is somewhat at variance with conventional 
notions regarding impact strength. D. S. Clark (Ref. 
N.A.C.A. Technical Note 86S) has, however, found that 
the ratio of dynamic (impact) energy absorption to 
static energy absorption is generally greater than unity, 
for X-4130 steel (not, however, for X-4130 annealed) at 


OSCILLOGRAM DEFLECTION 


TOTAL STRAIN is. 


Fig. 10--Calibration Curve. Slide-Wire Strain Gage 


Fig. 8--View of Camera-Actuating Switch 


tubing strength. Such notches, if reasonably sharp, 
may have little effect on static strength, but may result 
in severe reductions in both impact strength and fatigue 
strength, and hence should not be permitted. 

Energy Absorption During Impact.—A point of con- 
siderable interest resides in the fact that in all cases where 
the results were comparable (1.e., where failure occurred 


Fig. 11—-Calibration Curve. Load Recording Bridge 
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Fig. 12—-Portion of Static Test Recording 


impact velocities less than 45 ft. per second. He also 
has found that elongation, in general, increases slightly 
for X-4130 steel under high strain rates, which observa 
tion is corroborated by the tests reported herein. 

It should be noted that, for the current tests, the ratio 
of dynamic to static energy is considerably higher than 
found by Clark. This difference is understandable, as 

ig. af of in Clark's work the strain rate was held constant, while 

Recording for the Lockheed tests the strain rate varied somewhat 
Note how auxiliary dial has moved one division, while the scale throughout the test, being a function of the total energ 
ves 14 division, the clock dial having advanced 0.0005 sec absorbed at any given instant of time. In addition, the 
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specimens are not comparable—Clark using specimens 
with a l-in. gage length and 0.200 in. diameter while the 
Lockheed tests used tubular specimens with a 23-in. 
gage length and 1'/2 in. diameter. 

Shape of Load-Strain Curve.-—Ratios of energy ab- 
sorption to specimen elongation are given in Table 2, 
for all specimens whose energy absorption was measured. 
It will be noted that in the case of static tests where 
failure did not originate either in the weld or at a notch, 
these ratios are nearly equal to the maximum load at- 
tained during the test, as would be expected from con- 
sideration of the static load-strain curves. Where fail- 
ure initiates in the weld or at a notch these ratios become 
high since the energy absorbed in elastic deformation is 
finite, while the permanent elongation may be very small. 

Upon comparison with the impact specimens, it will 
be noted that with the exception of three specimens the 


Fig. 13—-Types 1 and 2 Specimens After Failure 
Normalized stock—as welded. 


ratios are of the same order of magnitude as found in 
the corresponding static tests where failure does not 
initiate in the weld or at a notch. Where failure does 
initiate in the weld or at a notch the ratios become large, 
as found for static tests. Hence it would appear that in 
certain cases, for specimens subjected to impact loading, 
the shape of the load-strain curves and the ultimate 
loads attained may be similar to, and of the same order 
of magnitude as, the corresponding static tests, although 
the elongation may be greater. However, for Specimens 
AW-13, AW-23 and FW-4 it would appear that the 
shape of the load-strain curve, or the ultimate load 
attained, or both, do not correspond to the static test. 
Further tests with suitable strain-measuring equipment 
would be required to settle this point. 


This observation is mentioned at this time as Clark 


gives stress-strain curves whose shape is materially 
altered under dynamic loading. The difference between 
the Lockheed results and those given by Clark is under- 
standable when it is considered that any load-strain 
curve must be a function of the geometry of the speci- 
men, as well as of the heat treatment. 


Fig. 14—-Types 1 and 2 Specimens 
Normalized stock—normalized after welding 


Double Necking.—Double necking was observed o1 
majority of the arc-welded specimens and on a {i 
flash-welded specimens. Its presence in these specime: 
can readily be explained on the basis of reflection 
strain waves from discontinuities and changes of sectior 

Comparison of Test Results. Because of the differen 
in gage length and specimen geometry, and also becaus 


Fig. 15—-Types 1 and 2 Specimens 
Normalized stock—heat treated to 125,000-145,000 psi 
welding. 
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incomplete penetration at this point. A method of 
securing good weld quality at this place—which is the 
most critical of all in so far as relates to both impact 
and fatigue—-would be to start the weld at the opposite 
end of the fish mouth; passing through the apex in one 
continuous weld. Under such conditions it should be 
possible to obtain failures in the tubing or fitting in all 
cases, with consequently improved energy absorptions. 
Weld Cracks.—Specimen AW-32 showed a slight crack 
in the center of the apex of the weld under magnaflux 
inspection, which was not considered serious and hence 
was passed as satisfactory. An X-ray photograph, 
which is shown in Fig. 29, was taken to establish the 
depth and extent of the crack, the report being that the 


Fig. 16—Types 1 and 2 Specimens 
Normalized stock—heat treated to 150,000-170,000 psi. after 
jing. Specimen FW-32 damaged in machining; not tested 
nce not shown. 


f the effects of reflection of stress waves from changes 
in section, no conclusions can be drawn regarding the 
relative energy absorption of the Types | and 2 speci- 
mens. It should be noted, however, that in actual 
issemblies, the use of flash welding will generally yield 
longer effective gage lengths and hence a flash-welded 
issembly should usually show slightly greater energy 
ibsorption than a comparable arc-welded assembly, 
provided the failure occurs at a region remote from the 
welds. 


B. Arc-Welded (Type 1) Specimens 


Weld Penetration —-A most interesting point brought 
out by these tests, in relation to the arc-welded speci- 
mens, was the effect of penetration at the apex of the 
fish-mouth weld. Specimens showing good penetration 
never failed through the weld, but rather in the end 
fitting; while specimens with poor penetration in the 
weld invariably failed in the weld area under impact 
tests—but not necessarily under static test. A cursory 
investigation of this subject revealed that it is considered 
standard practice to end the welds at the apex of the 
fish mouth and the average welder frequently obtains 


Fig. 17—Type 2 Specimens 
tock heat treated to 125,000-145,000 psi. Tested as-welded. 
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Fig. 18-—-Type 2 Specimens 
Stock heat treated to 150,000-170,000 psi. before welding. 
Tested as-welded. 
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Fig. 19—-Load-Deformation Curve, Specimen FW-1 


Normalized—tested as-welded, static test ultimate stress, 113,000 
psi. Gage length = 23 in. Energy absorbed 2335 ft.-lb. 


crack was “‘of slight depth, approximately */s in. long.”’ 
Under impact test, however, this specimen failed at the 
crack with only 40% of the energy absorption indicated 
by static test. Since this crack occurred at the apex 
of the fish-mouth weld, it would appear, on the basis 
of at least this one specimen, that even slight cracks 
located in such strategic locations as this should con- 
stitute cause for rejection or rework for parts subjected 
to high impact loads. 


C. Flash-Welded (Type 2) Specimens 
Lateral Constraint.—The fact that heat-treated tubing 
can be flash welded and yet develop the full strength 
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TOTAL DEFORMATION - in. 
Fig. 20--Load-Deformation Curve, Specimen FW-11 
Normalized after welding. Static test ultimate stress, 114,000 psi. Gage length = 23 in. Energy absorb: 
38985 ft.-lb. 

of the parent metal by failing entirely outside the heat- whether the weld is made by arc welding or by flash weld 
affected zone indicates that the support afforded to the welding—the energy absorption is considerably reduced yess 
weld area by the “flash” is an important factor. Elonga- in some cases to low values. This would indicate that ther 
tion measurements (not given in this report) show that welds of any kind should be subjected to close scrutiny wat 
the effect of the “‘flash’’ extends for a considerable before being approved for use in places where high wel 
distance into the body of the tube. Since under tension energy absorption is required. The notch failures en aith 
loading the stresses at or near the weld must be bitensile countered during these tests indicate that the sam = 
in nature, the stress distribution along the axis of the statement may be made for certain discontinuities an pho 
tube must be a function not only of D/t (the ratio of | changes in section. Fig 
tube diameter to wall thickness) but also of ¢/t’ (the Weld Junction and Heat-Affected Area.—Examinatior ny 
ratio of the nominal wall thickness to the increased wall of cross sections of flash welds which have not received ; 
thickness due to the flash); and since the flash is in- subsequent heat treatment, reveals a variation of micro ue 
variably ground down to '/«-in. height on the outside structure in the heat-affected zones on both sides of the seis 
of the tube it may be expected that for certain combina- or 
tions of these ratios the tube will fail in the heat-affected © ee | 
zone with consequent low energy absorption. The = 
determination of these combinations would appear to str 
be a matter of some concern if high energy absorptions = 
are required. 
Weld Failures.—The test results indicate that in all a 
cases where failure initiates in, or passes through, a weld s 
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Fig. 21—Load-Deformation Curve, Specimen FW-22 Fig. 22—-Load-Deformation Curve, Specimen FW-34: 
Heat treated to 125,000-145,000 psi. after welding. Static test Heat treated to 150,000-170,000 psi. after welding. Stati 
ultimate stress, 139,000 psi. Gage length = 23 in. Energy ultimate stress, 160,000 psi. Gage length = 23 in. En 

absorbed = 2218 ft.-lb. absorbed = 1976 ft.-lb. 
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Fig. 23—-Load-Deformation Curve, Specimen FW-41 
eated to 125,000-145,000 psi.—tested as-welded. Static 
iate stress, 134,000 psi. Gage length 23 in. Eneray 
= 1054 ft.-lb. 


weld junction. Although comparatively little work has 
been done on the metallurgical aspects of flash welding, 
there appears to be some indication of the existence of 
in extremely narrow zone (less than 0.005 in.) at the 
weld junction which is deficient in carbon content. On 


either side of this zone is an air-hardened zone, of variable 


microstructure and hardness as revealed by the attached 
photomicrographs and hardness determinations (see 
Figs. 31 to 42, inclusive, and the metallurgical report 
by J. R. Heising given as Table 3). 


As shown by the macrographs of Fig. 30, postheat 


] 


LOAD = 1bs. x 107° 


Ult. Load =_33,600 Ibs. 


+ | 


0.8 


TOTAL DEFORMATION - 


in. 


Fig. 25—-Load-Deformation ene Specimen AW-3 


Normalized 


116,000 ps 


ft.- Ib. 


1. 


tested as-welded. 
Gage length = 23 in. 


Static test iltimate stress, 


Energy abso 1668 


wheal = 
rbed = 


Table 3 


Macrograph Fig. 30 (8 X) shows zones present in these specimens 


Nos 


weld 


FW-4, 41 
structures 
received a heat treatment following welding as noted below 


, 43 and 54 are as-welded specimens showing typical 
as noted below. Nos. FW-12, 23 and 31 have 
This 


macrograph also shows location of areas shown in accompanying 


Fig. 31 


Fig. 32 


micrographs Figs. 31 through 40 

Shows spheroidized condition of as-received material 
hardness approximately A-56 (1000 «) FW-4 

Heat-affected zone of spheroidized tube—slower solu- 
tion at heat with less abrupt increase in hardness— 
see curve, left side FW-4 (200 x) 


treatment above the upper critical point apparently Fig. 33 Coane ee grained martensite of FW-4 (1000 x) 
results in the partial elimination of the carbon-deficient jj, 34 — Heat-affected zone of normalized tube FW-4 (200 *) 
rone. -~shows very narrow zone indicative of rapid solution 
Weld Hardness.—The hardenable low-alloy steels, Fig. 35 As-received normalized structure in tube—right side 
such as X-4130 steel, are widely used in airplane con a _of FW-4 (1000 X) A-62 . ' ; 
Fig. 36 Normalized following welding—grain refined A-65 
struction because of their good weldability. However, (1000 X) FW-12 
such steels exhibit a tendency toward the development Fig. 37 Tempered martensite center of FW-23—heat treated 
of the martensitic state upon rapid quenching, and hence __ _ after welding (1000 X) A-66 
toward extreme weld hardness. This tendency is par Fig. 38 Tempered martensite center of FW-31—heat treated 
ticularly marked in the case of flash welds, nonheat atter webteng {1000 X) A-O6 
t arly marke e€ cas cma, es Fig. 39 Coarse grained martensite—center of FW-43—shows 
treated after welding, and is due to the rapid cooling low-carbon demarcation line at center A-79 (200 
Fig. 40 Same as above but at (1000 *) A-79 
40 
? 40 
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30 4 293000 tbs. Wt. Loa. 34,000 lbs 
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0 0.2 0.4 0.6 0.8 1.0 
TOTAL DEFORMATION - in. 
TOTAL DBPORMATION in. 
Fig. 24—-Load-Deformation Curve, Specimen FW-53 
eat treated to 150,000-170,000 psi.—tested as-welded. Static Fig. 26—-Load-Deformation Curve, Specimen cell 12 . 
timate stress, 100,000 psi. Gage length 23 in. Energy Normalized after welding. Static test ultima e str 117,000 
rbed = 7] ft.-lk psi. Gage length = Energy absorbed = 2 342 ft.-lb. 
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Fig. 27—Load-Deformation Curve, Specimen AW-21 


Heat treated to 125,000-145,000 psi. after welding. 
ultimate stress, 133,000 psi. 
sorbed = 30) ft.-lb. 


effect of the welding dies. Figure 41 shows the results 
of hardness tests taken in both normalized and heat- 
treated material, plotted against the distance from the 
weld parting plane, for specimens previously subjected 
to both static and impact tests. Figure 42 is a photo- 
graph of the specimens after hardness readings have 
been taken. 

The presence of weld hardness would not be of im- 
portance if it were not inevitably associated with weld 
brittleness—i.e., with lack of plastic deformation (lack 
of ductility) at stresses approaching the ultimate strength 
of the material. The impact strength of a material 


depends intimately upon its ability to deform plastically, 


and hence, the impact strength of structures can be 
greatly reduced when zones of brittleness coincide with 

regions of stress concentrations. 
The variation of the weld hardness (and, within limits, 
the ultimate tensile strength) shown in Fig. 41 would 


Ultimate Load = 46,800 ihe. 


LOAD = lbs. x 107° 


TOTAL DEFORMATION - in. 


Fig. 28—Load-Deformation Curve, Specimen AW-34 


Heat treated to 150,000-170,000 psi. after welding. Static test 


ultimate stress, 153,000 psi. Gage length = 23 in. Energy ab- 
sorbed = 1518 ft.-lb. 
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Static test 
Gage length = 23 in. Energy ab-- 


Fig. 30—-Macrograph of Typical Unfailed Welds After Tests 


Showing Weld Junction 
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to suppose that failure should initiate in the 


eobr ‘ed zone, rather than in the base material or 
» the weld. However, the very absence of such failure 
adicat that in this case, the condition of lateral con- 
¢raint caused by abrupt changes in section may have a 
eneficial effect due to the establishment of multiaxial 
tress conditions, as previously mentioned. 


Conclusions 


On the basis of the dynamic and static tests reported 
verein, the following conclusions may be drawn in regard 
x 0.065 X-4130 tubing. 

|. Flash welds in normalized tubing are satisfactory 
rom the standpoint of static and impact strength. 

2. Flash welds in normalized tubing are satisfactory 
from the standpoint of static and impact strength, when 
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Fig. 31—Shows Spheroidized Condition of As-Received Mate- 
rial—Hardness Approximately A-56 (1000 x) FW-4 


fig. 32—Heat-Affected Zone of Speroidized Tube—Slower 
Solution at Heat with Less Abrupt Increase in Hardness—See 
Curve, Left Side FW-4 (200 x) 
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Fig. 34—Heat-Affected Zone of Normalized Tube FW-4 (200 x) 
—Shows Very Narrow Zone Indicative of Rapid Solution 
given subsequent heat treatments up to 160,000 psi., 

the highest heat treatment investigated. 

3. Flash welds in heat-treated tubing without subse 
quent heat treatment, however, may develop weld 
failures under both static and impact test, apparently 
with considerably lowered energy absorption values. 

4. Regardless of the welding method, the subject of 
fractures occurring at the weld should be investigated 
since failures of this type tend to give a reduction in 
energy absorption under impact or shock. 

5. Notches and abrupt changes in section are de- 
cidedly detrimental to impact strength and should be 
avoided. 

6. An important factor in the impact strength of 
fish-mouth are welds is the degree of penetration at the 
apex of the fish mouth. Measures should be taken to 
assure adequate penetration and freedom from cracks 
in this region. 

7. The total energy absorption is greater under 
conditions of dynamic loading than under static loading. 
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Fig. 35—-As-Received Normalized Structure in Tube—Right 
Side of FW-4 (1000 x) A-62 


8. Energy absorption, as well as the shape of the 
load-strain curve, is a function of the geometry of 
the specimen. Hence caution should be exercised 
in translating the results of tests on small, highly ideal- 
ized specimens to actual structural parts. 


APPENDIX I 
Impact Test Apparatus 


A tower approximately 40 ft. high, constructed of 
steel tubing and clamp-type fittings, was erected in the 
yard of the Structures Research Laboratory. This 
tower was not intended to carry impact loads, its only 
function being to support the upper end of the vertical 
guides and to provide an anchorage for the electric hoist 
that was used to raise the specimen preparatory to 
dropping; hence the construction was relatively simple 
and only light guy wires were required to assure stability. 


Fig. 36—-Normalized Following Welding—Grain Refined A-65 
(1000 x) FW-12 
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Fig. 37—Tempered Martensite Center of FW-23—Heat Treated 
After Welding (1000 x) A-66 

Within the base of this tower an old test jig was place 
to become the base of the impact assembly proper. T, 
this jig were attached the vertical guides, which wer 
10-in. H beams approximately 36 ft. long, spaced 27 i: 
apart between webs; and the anvils, which were mad 
of 4 x 30 x 36 steel plate. Figures 1, 2 and 3 show th 
general construction of the completed test apparatus, whic! 
somewhat resembles a ‘‘sort of home-made pile-driver 

In order to assure that the tower would not b 
jected to impact loads, a dynamic suspension wa 
arranged about 7 ft. from the top of the guides, to affor 
a single degree of freedom. This suspension is shown 1 
part in Fig. 43, and consists of a box frame to which th 
vertical guides are attached; the frame being attacly 
to the tower by means of crossed guy wires and tur 
buckles. Since the impact loads were predominant! 
vertical in direction, and were applied simultancous! 
to each side of the guides, this simple arrangeme: 
proved to be entirely adequate for the purpose. 


Fig. 38-—-Tempered Martensite Center of FW-31—Heat Treatec 
After Welding (1000 «) A-68 
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Fig. 39—Coarse Grained Martensite—-Center FW-43--Shows 
Low-Carbon Demarcation Line at Center A-79 (200 x ) 


An upper carriage, which may be seen at the bottom 
of the guides in Fig. 3, was used to raise the specimen 
to position. A steel cable, passing over a crown block 
it the top of the tower, was permanently attached to 
the carriage; and an electric hoist at the bottom of the 
tower provided the necessary power. A_ standard 
Interstate bomb shackle was attached to the bottom of 
the carriage, and a long electric cable, prevented from 
fouling by means of counterweights, was arranged to 
permit operation of the bomb shackle by the use of a 
push button. The releasable hooks on the bomb 


ROCKWELL 


Fig. 40—Same as Above, but at 
(1000 x) A-79 


shackle engaged with eyebolts on the tup, or hammer, 
as shown in Fig. 3. 

A lower platform, which resembled an openwork box, 
carried a threaded staff on which the lower end of the 
specimen was screwed. Lead pigs were bolted to this 
lower platform to obtain the necessary weight. The 


upper end of the specimen was screwed to a ball which 
was socketed in the tup, the hole in the tup through 
which the specimen passed being large enough to allow 
a limited amount of misalignment between specimen 
and tup. 


By this means, sufficient clearance could be 
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left in the vertical guides to eliminate sticking and 
consequent lowered impact velocity, without introduc- 
ing bending in the specimen due to the tup hitting in 
random positions. A reference to Fig. 3 shows the 
general arrangement of bomb shackle, tup, specimen 
and lower platform. 

In order to absorb the excess energy after failure of 
the specimen, recourse was at first had to rubber pads 
beneath the base of the apparatus. However, excessive 
bounce resulted in the case of the specimens with low 
energy absorption, so the rubber pads were replaced 
with an ordinary bale of wiping rags. This proved to 
be perfectly satisfactory after several drops had suffi- 
ciently deformed the bale. 
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Fig. 43—View from Top of Tower. Note Part of Dynamic 
Suspension in Upper Third of Picture 


deflections of the jig. In addition, a second pointer was 
fixed on the jig and approximately aligned with the 
“space pointer’’ in order to check the time required for 
the deflection of the jig. 


” Light for the illumination of the falling scale was origi 
nally provided by the use of five ordinary spotlights 


Fig. 42—Showing Sections After Hardness Readings 


In order to obtain displacement vs. time data to 
evaluate the energy absorbed in breaking the specimens, 
a 3-ft. scale having white divisions spaced at half-inch 
intervals on a black background, was mounted on the 
lower platform and photographed through a hole in the 
web ef one vertical guide, using a high-speed motion 
picture camera belonging to the Lockheed. Photo De- 
partment. Reference points were obtained. by the use 
of a ‘‘space pointer,” which consisted of a small frame 
carrying a pointer and suspended by a rubber shock cord 
from tthe top of the jig. The natural frequency of this 
“space pointer’ was approximately */, cycle per second; Fig. 44—View of Portion of 50,000-Lb. Fatigue Testing Machine 
hence it could be considered fixed in space whatever the Note Failed Specimen, Upper Left of Photograph 
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focusc | on the hole through which the scale was viewed. 
However, this proved to give rather inadequate illumina- 
1e camera stop having to be opened to its fullest 


on, 

thus losing considerable definition. Conse- 
quently the spotlights were replaced by three flash 

bulbs. connected with independent switches operated 

hy falling lower platform; the spacing between 


switches being selected so as to give the desired overlap 
to provide continuous illumination during the time of 
impact. This method proved to be satisfactory, al- 
though considerable difficulty was experienced in con- 
nection with the continued operation of the switches. 
Since several specimens were dropped consecutively 
without waiting for the films to be developed, this Sark a? elt 
difficulty was not generally “‘spotted”’ in time, thus (0) 
sxccounting for the column in the table of results headed 
“Record Taken.” 

The time scale was originally provided by clock dials 


point 


built into the camera and photographed simultaneously r 3 
with the falling scale. However, difficulty was ex y %2 *2 
perienced in reading the dials to sufficient accuracy over r ®t 
the small intervals required. Accordingly, a second + Bq ty 
dial was placed at right angles to the camera and was 
viewed through a right-angle prism; the second dial 
being driven by a small fan motor at approximately 
1700 rpm. A heavy flywheel provided sufficiently con }+ bw 
stant speed over the approximately 150-millisecond + b2 uz 
interval required. Flash bulbs, wired in parallel with + bg us 
those used for scale illumination, provided the same | L tng ug 
intensity of illumination as used on the scale. 
nic Completion of Impact | I 
APPENDIX II + ay 
was Ho + 
the Derivation of Energy Formulas > ee 
for + 
igi Reference Station | | a 
rhts 
r “2% 
+. dy 


Ground Ref. Sta. (h) 


Solving for s, we obtain: 


a As? 


In the above expression, m*/2a is the indicated height 
of fall, (a As*)/2m? is the correction factor for the height 
of fall and s is the effective height of fall to the reference 


Substitution of test values in the above correction 
factor shows that its magnitude is small (of the order of 
0.3 in.) and hence that it may be neglected 


Now consider the figure 
at the right. The speci 
men starts its fall at a 
point o above the ground 
reference station and passes 
successively through the 
points a2, ds, ay and by, 
ho, bs, by. At some point be 
tween 4, and J, the ham- 
mer strikes and the speci 
men elongates, finally 
breaking at J, tollowing 
which it passes successively 
through the points Cs, Cs, 
cy, and d;, do, ds, before 
finally reaching the ground 
reference station at /. 

Obviously all energy cal 
culations must be referred 
to the point J, as the kinetic 
energy of the system at the 
point of impact is increased 
by the amount of change in 
potential energy during the 
passage from the point of 
impact to the poimt of fail 
ure. 

The problem is now t 
determine the effective 
heights of fall for the two 
reference stations and to 
extrapolate these heights 
of fall to obtain the effec 
tive heights of fall at the 
point J, for the measure 


ments taken before and after impact. The effects of 
friction and of wind resistance will be neglected, as guide 
friction will have its major effect upon acceleration at 
the start of the fall, while wind resistance will not be 
important at the low (43 ft. per second) velocities used 

Consider the space-time equation for uniformly in these tests. Hence, the value of acceleration will 
accelerated motion: : be taken as g, or 32.2 ft. per second squared, through 


out these calculations. 
5 = /2 al (1) If successive measurements are taken at equal incre- 
ments on each side of the reference station (1.e., a) — 


The slope of the tangent to this curve at any point 


The slope of the straight line connecting points A and 


may be written as: 


(s + As) — (s — As) 
+ At) — (t — 


2a As (3) 
V 2a(s + As) — 2a(s — As) 
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P, is by = ilo — be bs = bg: = Cs ds = 
c3 — ds; = cy — dy) and the values of m computed for 
ds aos the intervals a, to by, a, to b,, etc., the values of s will all 

ee at = V 2as (2) pertain to the one reference station. In general, then, 


four values of s may be obtained which may be averaged 
to reduce the probable error. 
B is Thus, the value of m for any interval before impact 
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Hence: 


n= 4 


bs—» — a,\2 
2¢ — tp 


n= | 


and the average value of s, before impact is 


n=4 
bs — a, 2 
Sav = 
2g 4 — ty 


‘However, the same purpose will be accomplished more 
conveniently by averaging all intervals and times, and 
more accurate results will be obtained by the resultant 
automatic weighting of velocities in proportion to the 
intervals used for measurement. 

In this case, the average value of s before impact be- 
comes: 


Similarly, the average value of s’ after impact is: 


Swi = 
2g — Lv 


These values must be corrected to the point J, hence 


Sav, COPE. = Sev, + 


Similarly, 


s'w, corr. = s’,, — Hz 


the energy absorbed during impact will be 


mg(s — s‘) 


W(s — s’) 


If a, b, c, d, Hy, Hz are expressed in inches; ¢, u, v, w 
in seconds; g in inches per second per second; and W, 
isin pounds; then AE is given in inch-pounds, 

The test data corresponding to the above form were 
obtained by the following method. 


Explicit Impact Test Procedure 


F rst of all, the auxiliary timing dial was calibrated 
against the camera timing dials by counting the number 
of divisions moved during a definite time interval, thus 
obtaining a dial constant for the particular test. This 
dial constant varied from approximately 0.000490 sec. 
per division to approximately 0.000510 sec. per division, 
with the majority of values centering around 0.000500 
sec. per division. 

Second, eight consecutive readings of both displace- 
ment and time increments (as determined from the 
auxiliary timing dial) were made before impact. Four 
consecutive readings were made upon the first appearance 
of the scale, and again just before impact. ~ 

Third, eight consecutive readings of both displacement 
and time increments (as determined from the auxiliary 
timing dial) were made after the completion of the impact. 
Four consecutive readings were made at some point 
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just after the specimen had failed, and again jus: 


Delore 
the scale left the field of view. In all cases, eac} ad = 
of four readings were made from consecutive frames (f th, 
film. 

Finally, the energies were determined by the previously 


derived equation: 


— Sa\? Yd — \2 
sw — + +n 


In the above equation: 


Ya is the summation of four consecutive seale readiy 
made as the scale enters the field of view. 

xt is the summation of the time increments 
sponding to the readings a. 

++ is the summation of four consecutive scale readine 
made as the scale approaches the point of impact 

xu is the summation of the time increments corr; 
sponding to the readings b. 

=c is the summation of four consecutive scale reading 
made as the specimen has failed. 

xv is the summation of the time increments corre 
sponding to the readings c. 


= 


Xd is the summation of four consecutive scale readings. 
made just before the scale leaves the field of view 
Sw is the summation of the time increments corre 


sponding to the readings d. 

W is the weight of the lower platform plus the lower 
half of the specimen. 

H, and Hy, are, respectively, equal to 


a+b 


where / represents the scale reading at the moment o! 
completion of the impact, and is obtained by adding the 
elongation of the specimen, after failure, to the scak 
reading of the known initial point of impact. 

It will be noted that in many cases no recording was 
available before impact, due to the malfunctioning of th 


switch actuating the first flash bulb. 
sort, the first term in the equation, i.e., 


>b — 
— 


is replaced by the average of all first terms where readings 
were available before impact and the term //; was © 
placed by the average of all values of /7,; which wer 
available for recordings taken before impact. The ove! 
all errors when using this procedure are naturally con 
siderably increased, and are discussed in the sectior 
following. 


In cases of this 


Sources of Error 


1. Impact Tests——The evaluation of the energy 
sorbed in the specimens during the impact is subject 
several errors. Some of these errors are due to limitations 
in the accuracy of measurement; others are inherent | 
the test setup. Discussing the errors due to accurac) 
measurement first: 

It will be noted in the Summary of Test Results pr 
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Table 2 that out of 28 specimens subjected to 


et test, films were unreadable through the impact 
‘or four specimens, while for 16 specimens the films were 
only readable after impact. Hence only 8 specimens had 
fms that were completely readable both before and after 
impact. The maximum possible errors involved in these 


two cases will consequently be different, but the following 
three are common to both: 


a) Errors due to determination of dial constant, 


+ 2.8%. 

Errors due to determination of time increment, 
+ 1.3% 

Errors due to determination of space increment, 
+ 0.4% 


In the ease of the films that were most difficult to read, 
the analysis was repeated several times; each time by a 
diferent operator. The maximum deviation from the 
mean of these several observations served as a basis for 
the calculation of the errors given above. 

The average measured initial velocity of the eight 
— for which a complete analysis was available 
was 42.50 ft. per second, with a maximum deviation of 
0,68 4 per second, or 1.6%. Accordingly, this average 
value was selected as the value of initial velocity for 
those cases where no recording was available before im- 
pact; and since all conditions were held constant through- 
out the complete series of tests, the error involved by 
this procedure should not exceed the maximum me: sured 
deviation of 1.6%. 

Since the maximum error in final velocity due to 
measurement will not exceed 4.5%, the combination 
with the maximum error in assuming an initial velocity 
of 42.50 ft. per second gives a maximum error in energy 
absorption of 12.2% of the initial energy for specimens 
with low energy absorptions. For specimens with high 
energy absorptions of, say, 50% of the initially available 
energy, the over-all error in measurement drops to 11.4%. 
These errors mean plus-or-minus values of 1176 ft.-lb. 
and of 1100 ft.-lb., respectively. 

However, for specimens where the initial velocity is 
recorded the maximum error due to calibration of the 
timing dial will vary with the velocities before and after 
impact, being least for the specimens with low energy 
absorption and highest for the specimens with high 
energy absorption. This inversion of errors is brought 
about by the fact that for specimens with low energy 
absorptions the difference in velocities is small; hence 
errors in the timing dial calibration, which result in errors 
in absolute velocity, become small in comparison to 
errors of measurement and may be neglected. On this 
line of reasoning, the maximum error for specimens with 
low energy absorption is 6.8% of the initial energy, while 
for specimens with energy absorption up to 50% of the 
total available energy the error becomes 8.0%. This 
corresponds to energy errors of 655 ft.-lb. and of 771 ft.- 
lb., respectively. 

rhe values given above represent maximum possible 
errors under distinctly unfavorable conditions of measure- 
ment. In view of the small maximum deviation of 1.6% 
noted for initial velocities, and considering the technique 
of analysis and the number of repeated observations that 
were made, it is not believed that the probable errors 
should exceed from 3 to 4% of the initially available 
energy, or 290 to 386 ft.-lb. 

Che maximum error due to the neglect of infinitesimals 
of higher order in making the assumption that the true 
velocity at some reference point is equal to the average 
velocity between two points of which the reference point 
is the average, is of the order of 0.1% and hence may be 
neglected. 
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We come now to the discussion of errors inherent in 
the test setup. These may come from four sources 
transfer of energy from the specimen, through the 
hammer and into the jig; the effect of jig deflection; 
energy absorbed by plastic yielding in attachments and 
in lead weights; energy absorbed during impact by frix 
tion in the guides. Discussing these in turn: 

The transfer of energy from the specimen to the jig 
will depend upon the relative masses of specimen and 
of jig and upon the difference between initial and final 
velocities. This energy may be calculated from the law 
of conservation of momentum, as follows: 


mv; = m(u — 
hence 
> mM, 
= Uy — Uy) 
mM, 
and 
E a? = — 
2m, 
0 Ur) 
In the foregoing equations, the symbols have the 


meanings assigned below: 


m; = mass of jig 

v; = velocity of jig after impact 

m, = mass of specimen and lower platform 
v; = initial velocity (before impact) 

vy = final velocity (after impact) 

‘4; = energy possessed by jig 


= energy loss of specimen and of lower platform 


The magnitude of this error varies from zero for speci 
mens without energy absorption to 0.68%, or 66.7 ft.- 
Ib., for the highest energy absorptions measured. It 
should be noted that the above figures are conservative, 
as they are based on the assumption that the jig is free 
to move in space; while in actuality the fact that the jig 
is mounted on the ground tends to increase its effective 
mass and hence to reduce the relative amounts of energy 
absorbed by it. 

The deflection of the jig due to the weight of the 
hammer is considerably greater than that due to the loss 
of specimen energy. It is therefore possible, if the im- 
pact is of sufficiently great duration, for the jig to ‘‘feed’’ 
energy back into the specimen by increasing the relative 
velocity between the hammer and the lower platform. 
However, this possibility was thoroughly checked both 
by high-speed motion pictures of the specimen and jig 
at the moment of impact and by mounting a pointer on 
the jig in the field of view of the high-speed camera used 
for recording the space-time relations. In no case did 
the jig spring back before the specimen had failed, even 
for those specimens with the highest energy absorption. 

It is possible that energy may be abs« hed by plastic 
yielding in the threads attaching the specimen to hammer 
and to lower platform, as well as by plastic deformation 
of the lead weights attached to the lower platform 
However, such yielding is not expected to change the 
final energy absorption values by more than 1!/»' 

The absorption of energy by friction in the guides 
during the instant of impact is considered a matter of 
small consequence in view of the liberal clearances pro- 
vided. 


297-8 


) 
Ore 
the 
usly 
a4) 
HT 
ad 
D 
-\ 
4 
‘ 
Ings, < 
LA 
gs, gh 
irre 
ngs 
W 
re 
wer 
| 
xy 
By 
t Ol 
+}, 
Lilt 
] 
alt 
was 
tl 
ie “ 
tl 
thy 
‘ 
"5° 
re 
ert 
eT 
A 
Tay 
ry 
ns 
= 


APPENDIX III 


General Discussion 


The Nature and Scope of the Impact Test 


The essential difference between the impact test and 
the static test resides in the rate of strain. The strain 
rate, which is defined as de/dt, where ¢ is the strain in 
inches per inch and ¢ is the time (seconds), may vary 
from 0.0005 or less for the static test to 2000 or more for 
the impact test. 

It has been well established that changes in strain rate 
sometimes bring about marked changes in elongation, 
energy absorption, yield strength and ultimate strength. 
The nature and causes of these changes are still obscure, 
and will not be discussed in this report. 

Three general types of impact test may be defined: 
the notched-bar-—-or bending—test; the torsional test; 
the tension test. The three types of test bear little or 
no relation to one another. The notched-bar test is 
largely a measure of potential notch sensitivity in a 
material; the torsion test is restricted to certain types 
of tool steel, for which it has proved a valuable instru- 
ment for the determination of optimum heat treatment; 
the tensile test has usually been restricted to small specti- 
mens in order to obtain information regarding the 
nature of the physical changes that take place upon in- 
crease of strain rate. 

Lately, however, an increased interest has been shown 
in the use of full-scale tests, in which actual parts are 
tested under impact loadings. Such tests are very valu- 
able when properly interpreted, but should never be 
considered as a direct simulation of shock encountered in 
service. 

The full-scale impact test performs a twofold function. 
First, it provides an indication of “‘brittleness’’ in the 
part or structure tested. This “‘brittleness’’ may arise 
from various causes: material, heat treatment, internal 
stresses, notches, temperature, velocity sensitivity, etc. 
Highly stressed structural parts that are ‘‘brittle’’ under 
test should be regarded with suspicion as potential sources 
of trouble. 

Second, the impact test, in conjunction with the static 
test, provides a very real indication of the margins of 
safety. In fact, under certain conditions, margins of 


Specimen 


No. Condition Type 
3 Welded in normalized stock ] 
4 tested as-welded l 
5 l 
6 l 
7 ] 
8 
10 
B-3 Stock H.T 125,000-145,000 9 
B-4 tested as-welded 2 
C-3 H.T. 125,000-145,000 after weld- 2 
C-4 ing Z 
ANN-12 Welded in normalized stgck 3 
ANN-I18 normalized after welding . 3 
ANN-24 3 
AN-12 Welded in normalized stock— 3 
AN-18 tested as-welded 3 


All Tests Conducted at R = 


Specimen 
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safety based on energy absorptions might well |, 
logical than arbitrary reduction factors applied to y); 
mate strength that take no account of energy absorp; 
The reason for this is that the loads imposed vy 
craft structures are generally dynamic in natu; 
they are applied and held over comparatively sh ne 
intervals. Under such conditions the ability of 4 str), 
ture or part to absorb energy in plastic deformation 
become a very important factor in resisting t] 

time loading’’ without serious consequences. 

It should be noted that the statement mac 
does not mean that impact loads are common in 
structures. It does imply that no argument shoy! 
exist between the impact test and the fatigue test +) 
fatigue test naturally relating to repeated loadi: 
the impact test to the ‘‘one-time’’ loading. 

The impact test should never be used alone, but «| 
ways in conjunction with the static test, as the ener, 
absorptions that are measured under these two cond 
tions may be widely different. It may be expected ¢) 
either test will reveal most of the factors menti 
above in connection with “‘brittleness,’’ but neither 
will reveal all of them. 


Part B—Fatigue Tests on 1'/, O.D. x 0.065 Wal! 
X-4130 Tubing 


Abstract 


Seventeen specimens, both arc welded and flash weld: 
in various heat treatments, were subjected to fatig 
tests in the Lockheed 50,000-lb. fatigue testing machi 
One complete S-N curve, at a range ratio of 0.5, wa 
defined for 1'/, O.D. x 0.065 wall X-4130 tubing, flas! 
welded from normalized stock and tested as welded 

The use of the flash-welding process is shown t 
generally superior to are welding provided weld failures 
do not occur. Flash welds in normalized stock, giv: 
subsequent heat treatment, show higher fatigue streng 
than flash welds in heat-treated stock tested as weld: 

Small nicks in normalized stock prove to be quit 
detrimental to fatigue strength due to the presence 
high local stress concentrations. 


Table 4—Results of Tests on Fatigue Specimens 


+0.5 

Minimum Maximum Cycles to 
Stress Stress Failure 
25,000 50,000 1,440,000 
40,000 80,000 77,000 
35,000 70,000 328,000 
30,000 60,000 105,000 
35,000 70,000 237,000 
30,000 60,000 755,000 
22,500 15,000 2,900,000 
20,000 40,000 10,000,000 (no failur 
40,000 80,000 192,000 
35,000 70,000 450,000 
40,000 80,000 360,000 
30,000 60,000 10,000,000 (no fa 
20,500 41,000 7,610,000 
30,600 61,200 131,000 
40,900 S1L,800 201,000 
20,500 41,000 758,000 
30,600 61,200 153,000 
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Fig. 45 -Flash-Welded Tube Fatigue Test Specimen (Type 1 
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Fig. 46-—Flash-Welded Tube Fatigue Test Specimen (Type 2) 
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The most critical section of a fish 
mouth arc weld is shown to be at the 
apex. The conclusion is drawn that 
adequate weld penetration and freedom 
from porosity in this region are highly 
desirable. 


Object 


The object of the tests reported herein 
was to determine the effect of flash weld 
ing on the fatigue strength of heat 
treated assemblies. A further object 
was to obtain data leading to the 
comparison of the fatigue strengths 
of flash-welded and of arc-welded 
assemblies. 


Apparatus 


All fatigue tests were conducted in 
the Lockheed 50,000-Ib. fatigue testing 
machine. Figure 44 is a photograph of 
part of this machine, showing a (failed) 
specimen in place. 

Such static tests as were conducted 
were made on the Southwark-Emery 
testing machines in the Triplett and 
Barton Laboratory. 


Specimens 


Figures 45, 46 and 47 are sketches 
showing the details of Types 1, 2 and 3 
specimens, respectively. The specimen 
numbers, types and heat treatments 
are listed in Table 4. 

All of the Types | and 2 specimens 
were flash welded in the Research 
Laboratory on the 100-kva. Taylor 
Winfield flash welder. One of th 
Type 3 specimens was arc welded in the 
Research Laboratory, and four were 
are welded in Department 06, 

No Magnaflux or X-ray data were 
taken, and only the Type 2 specimens 
were sandblasted. 

No static tests were conducted on 
these specimens, but for the Type 2 
specunens sections were welded at the 
same time and of the same material 
for the purpose of determining adequacy 
of weld settings. No static test data 
are available for the material of either 
the Type 1 specimens or the Type 5 
specimens but the material may be 
considered equivalent to that upon 
which impact tests were conducted (se¢ 
Part A of this report). 


Test Procedure 


All tests were conducted under axial 
variable tension loading at a range 
ratio (the ratio of minimum to maxi- 
mum stress) of +0.5, using a testing 
speed of 1800 cycles per minute. Loads 
were measured by the use of a 
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Fig. 48-—Photograph of Type 1 Specimens 


Arrows Point to Location of Failure ag — 
Note that typed card is in error in giving specimer 

l in. instead of 1!/. in. To 

resistance strain gage bridge mounted on the " 
lower flexure pivot, in conjunction with a nt-of as 
modulation meter. (Ref.: Lockheed Researc| 
5000 and Lockheed Report 2889; an electronic . 
developed in the Lockheed laboratories for : 
the unbalance of an a.-c. bridge circuit to + 7 @ 
range of 0.01 to 15 mv.) An electric clock rec d 
time of test, this clock being shut off by limit F 
which were arranged to be actuated upon fail: LE 

specimen. 
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Table 5 


Typical ultimate strength values from Part A 
Normalized tubing——as-received (av.) 
Normalized after welding (av.). 1] 


Table 6 


Ultimate strength values from tension tests on fla 
coupons—Type 2 specimens 
Normalized tubing before heat treatment 


av.) 
Heat-treated tubing (av.) 


Test Results 


Table 4 is a summary of the results of all fatigue tests 
Table 5 gives equivalent material ultimate strengt! 
data from Part A of this report, for applicatior 
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Mexiqum Stress 


49-—Type 3 Specimens After Failure. Arrows Indicate Position of Failures 
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Types | and 3 specimens, and Table 6 gives ultimate 
strength data for the material used in making the Type 
2 Figures 48 and 49 are photographs of Types | and 
| Figures 50 and 51 are S-N curves for the Type | 
Iring +t Figure 52 shows the test points for the [ype 2 spt cl 
T th mens plotted against the curve of Fig 50 and Fig. 53 
shows the test points for the Type 3 specimens plotted 
10 


di Cycles to Pailure A. General Observations 


Fig. 50—Results of Tests on Flash-Welded Tubing Specimen No. 5 (Type 1) failed at a small surface 
terial normalized—tested as-welded. Approximate ulti. "ick in the approximate center of a tubing section, this 
ile strength 114,500 psi. R = + 0.5. nick being approximately 0.005 in. deep and 0.125 in. 
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Fig. 51—-S-N Curve 
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X-4130 normalized tubing. Flash welded—tested as-welded. R = + 
; 4 +4 +4 4 
| +44 | 
Tested as Welded. Failure in + S-N ourve ‘for flashwelds I " 
j Heat-Affected Zone fin normalized tubing - —t © Tested as welded, welded in Dept.6. ttt t+} 
- |pTested as Welded th 
Heat-Treated After Welding tt +> ested as welded, welded in Dept.3- tt 
‘an 
Héat-Treated after Welding i @ Wormalized after welding,welded in Dept.s. } 
10 105 10 10” 
Cycles to Failure Cycles to Fallure 


Fig. 52—-Results of Tests on Flash-Welded Tubing Fig. 53—Results of Tests on Arc-Welded Tubing 


iterial heat treated to 125,000-145,000 psi. Test ultimate All material normalized. Appr é 
tre nath 132,01 0) psi R = —as-welded 114,500 psi., norm lized 115,5 ) psi. R= 
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long. The reduction in fatigue strength caused by this 
surface injury (being nearly equal to the reduction to be 
expected from a flash weld) introduces considerable doubt 
as to the validity of conventional fatigue data which are 
obtained from tests on highly polished specimens. 


B. Type 1 Specimens 


The consistency displayed by the flash welds in 
normalized tubing, when tested as welded, is very good 
when weld failures are absent. This consistency is a very 
definite point in their favor, as it makes the rational pre- 
diction of life expectancy considerably more feasible. 
However, the 20% drop in fatigue strength resulting 
from the presence of a weld failure substantiates the 
recommendations given in Part A of this report. 


C. Type 2 Specimens 


The small number of specimens subjected to test pro- 
hibits the formation of completely satisfactory conclu- 
sions. Nonetheless, on the basis of the four tests that 
have been conducted it may be inferred that the presence 
of the heat-affected zone in ‘‘as-welded’’ specimens is 
highly contributory to the reduction of the fatigue 
strength of assemblies welded after heat treatment. 


D. Type 3 Specimens 


The scatter of test results for the Type 3 specimens ts 
so severe that few conclusions can be drawn. However, 
the fact that all failures originated at the apices of the 
welds substantiates the conclusions of Part A of this re- 
port concerning the necessity for obtaining sound welds 
in this place. 


Reviews of Foreign Literature 
(Continued from page 279-s) 


SPorT ALLOYS IN AIRCRAFT 


bibliography.) Inter 


WELDING OF ALUMINUM 
Construction. Ill. (With 
Avia, 1943, Aug. 9, pp. 1-7. 
Test figures show that spot welds of high and con 
sistent strength in aluminum alloys can be achieved, 
provided the welding machine is controlled properly. 
According to the author, the following average shearing 
strength in kilograms per spot should be obtainable. 


Thickness Pure AI, Avional Anticorodal Peraluman 
of sheet, Hard (Al-Cu-Mg), (Al-Mg-Si), (Al-Mg), 
Mm Age- Age Soft 

Hardened Hardened 
0.5 50 100 100 100 
] 100 190 150 200 
2 220 320 380 180) 
3 250 430 


The scatter of the test result depends on the sheet 
thickness, and in the case of Avional (Dural) amount to 
about + 20° for 0.5-mm. and +15°%% for 3-mm. sheet. 
If for the same material we assume the specific strength 
of the 1-mm. present sheet as 100°), the strength of the 
welding point decreases from 105°% (0.5-mm. sheet) to 
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An interesting characteristic of the specime: 
were normalized after welding was the presence | 
ple failures, all specimens showing at least tw w. 
defined failures and one showing six definite faily,; j ( 


Conclusions 


|. Flash welds in normalized tubing, test, 
welded, appear to be generally superior to arc wel: 
the standpoint of fatigue characteristics. 


2. From the standpoint of fatigue strength. fag) In i 
welding followed by heat treatment is preferable to he») Previo 
treatment followed by flash welding. , Of 

3. Small nicks in normalized tubing are detriment.) results 


to fatigue strength. 
4. Fish-mouth are welds under fatigue loading {jj proc 

through the apices of the welds. When high fatigy past h 

strength is required, therefore, particular attentio. 

be paid to obtaining good penetration and freedon 

cracks and porosity in this region. 


Recommendations 


|. Tests should be conducted on arc-welded speci 
mens, using both the shear-web and fish-mouth ty; 
welds to determine the causes of inconsistency i1 
as regards fatigue strength. 

2. Attention should be paid to the reduction of | 
strength by surface conditions, especially at hig 
treatments. 


70% for the 3-mm. sheet. The specific strength 


weld thus decreases with increase of sheet gage \s1 SILe 4 
gards the spacing of the spots, similar considerations | 1 


those holding for riveting apply. The closer 
ing, the greater the proportion of current lost by 
action of its neighboring spot. For l-mm. gage, a - 
mm, spacing is recommended. For sheet gages up t in Ui 
mm. and in the absence of excessive fatigue loads, spot Un 
welding may replace the much more expensive rivet 
aircraft construction besides speeding up product 
considerably. This, however, only applies if the process 
can be accurately controlled under practical condit: 
According to the author, complicated welding prog 

in which the current is both variable and intermittent 
(electronic control) are not justified by practical results 
All that is required is the maintenance of a constai| 
rent amplitude over a definite number of cycles 
factors depending on the nature and thickness 01 tl of 
material). Great care must be taken to remove 4 

ide layer on the sheets. The author strongly 

mends that the welding machine be fitted with son 

of current indicator, so that variation of the « 

from optimum values be immediately detected a1 

machine blocked. The contact pressure betwee! 

electrodes (water-cooled copper) and the sheet al 

quires careful control. Excessive pressure dimp| 

metal while insufficient pressure causes arcing and |!1¢! 
undesirable alloying of the copper electrodes wit! 


t} cy snow 


Lil 


Ay 


sheet. Recommendations are given for contact 
sures. There is a useful bibliography. (Absfra: 


J. Roy. Aeronaut. Soc., 1943, Dec., pp. 690-691 
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Sheets 0.080 Inch 
Thick’ 


forehand welding the flame precedes the filler rod. 
Previously this method was not used for sheets less than 

or °/w in. thick. Since backhand welding generally 
results in poor penetration, it 1s now recommended that 
sheets 0.060 to 0.080 in. thick be welded by the forehand 
orocess, Fig. 1. The reason that forehand welding in the 
ast has produced welds that were too thick lies in the 


ill 


ize of the filler rod. Too thick a rod produces too heavy 

weld. Detailed tests, summarized in the table, also 
show that the torch must be held perpendicularly over 
the weld, about SO The diameter of the rod should be 
).040-0.060 in. The filler rod should be held constantly 
in the puddle and should be moved from side to side in 
the puddle. In this way narrow welds are produced 
without undercut and with perfect penetration. 


Average Conditions for Forehand Welding Steel ' , to 
1/5 In. Thick 


Size of Consump 
thickness Oxy Time in tion of 
of Sheet Diameter acetylene Minutes Acetylene, 

r Plate, of Filler Torch, for 1 Ft. Cu. Ft. per 
In Rod In. Cu. Ft./Hr. of Weld Ft. of Weld 
0.040 5.3 2.4-— 3.7 0.27 
0.060 7.1 2.4- 3.7 0.38 
2 0 O80 10.6 2. 75+4..6 0 65 
Lf 0.10 14.] 3.7- 4.9 1.2 

24 0.13 21.2 7.3 2.4 
0.16 28.2 7.3- 9.8 
1 39 0.20 35.3 9.2-13.7 
17 0). 24 412.4 11 16.5 10.3 


: Abstract of ‘‘Soudure a droite des téles minces,”’ by C. F 
> Journal de la Soudure, 34, No. 1, 17-19 (Jan. 1944 Ab 
racted by G. E. Claussen, Reid-Avery Co 


Forehand Welding of Oxyacetylene Welding 
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the Aluminum—/7% 
Magnesium Alloy 


mag 
nesium with minor proportions of silicon and 
manganese is used a great deal in rolled and die 
cast conditions on account of its good corrosion re- 


HE aluminum alloy containing 6 to S°, 


sistance. The alloy is as easy to weld as aluminum 
itself, and the same procedure is followed. A slight 
excess of acetylene is used with a filler rod of the same 
composition as the sheet. Preheating is advisable 
owing to high thermal conductivity. The properties ot 
the alloy are listed in the table. 

Although the alloy presents no special difficulty to 
welders, sometimes small blowholes appear in the weld, 
which are the subject of a recent paper by Ricken and 


Gagel.t Their paper is quoted in the following para 


graphs. 

Often blowholes are found on the interior of small 
welded tubes of Al-—7° Meg alloy. They have no 
effect on the strength, but nevertheless are defects 
Research on these blowholes was undertaken using 
Hydrogal flux and a slightly reducing oxyacetylene 


flame. When filler rod was used it was of the same 
diameter as the sheet. The first tests were made with 
plates, because radiation effects are less complex than 
with tubes. All sheets were rolled from the same cast. 


Properties of As-Rolled and Welded Aluminum-7' 
Magnesium Alloy 


remper of Welded or rensile Strength Elongation, 
Sheet As-Rolled Psi 
Soft As-rolled 12 500-52. 500 1-24 
Soft Welded 28,500-32,500 l 
Hard As-rolled 50000-60000 
Hard Welded 27 ,0O00-32,500 


To begin with, welds were made in unpickled and 
pickled sheets 0.16 in. thick while they rested on different 
supports, namely: refractory brick, iron and copper 
On the reverse side of the sheets welded on the iron 
support there was a line of closely spaced, small blow 
holes at the weld, which were practically absent in the 
sheets supported on copper. The blowholes were very 
pronounced in the sheets supported on the bricks. Sines 
the pickled and unpickled sheets behaved alike, the 
trouble could not be attributed to pickling. Obviously 
the blowholes were favored by accumulation of heat, 
which was greatest on the refractory brick and 
when the were supported on copper, 
rapidly carried the heat away from the weld. Similar 
results were obtained with sheets 0.04 and 0.07 in 
thick. For some unexplained reason, the severity of the 
blowholes varied in welds made under precisely the same 
conditions. 

Further tests were made on tubes of different dimen 


least 


sheets which 


* Abstract of ‘‘La Soudure Autogéne du Peraluman 7,"' Jeourna 
e la Soudure, 34, No. 1, 11-14 (Jan. 1944 Abstracted by G 


E. Claussen, Research Engineer, Reid-Avery Corp 
Zeits 


research in laboratories of 
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Verein Deutscher Ingenieure, 87, H Report 
Vereingten Deutschen Metallwerk« 
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sions drawn from the same blank. 


tube. 


and 0.87 in. O.D. x 0.10 in. wall. 
wall. 


no blowholes were found. 


When two tubes 0.64 in. O.D. x 0.083 in. wall each 
3'/s in. long were butt welded, blowholes were pro- 


AIRCRAFT RESEARCH COMMITTEE 
MEETS 


The Aircraft Welding Research Com- 
mittee held its spring meeting at the Floor 
Plant of the Armstrong Cork Company, a 
sub-contractor, at Lancaster, Pa., on 
May 4-5. P.H. Merriman, of the Glenn 
L. Martin Company, Baltimore, Md., is 
the Chairman of the Committee which is 
composed of representatives of Eastern 
companies. 

After inspecting Armstrong’s Aircraft 
Departments and Laboratory and study- 
ing the system of quality control of spot 
welding as developed and used by Arm- 
strong, many members of the Committee 
concluded that the Company, which is 
making fuselage sections and other parts 
and assemblies for several aircraft manu- 
facturers, has abridged the gap between 
the laboratory and the production line in a 
manner that the industry as a whole could 
emulate profitably. 

Accordingly, a subcommittee was set up 
to prepare specifications and drawings of 
the necessary equipment in order to dis- 
seminate the information throughout the 
American aircraft industry. Dr. G. W. 
Seott, Jr., Armstrong’s representative on 
the Committee and under whose direction 
the control system was established, was ap- 
pointed chairman of the subcommittee. 

The system of quality control used by 
Armstrong includes: (1) contact resistance 
measurements as a control of the preweld 
cleaning solutions and process; (2) mag- 
netic oscillograph equipment to check 
rapidly the mechanical, electrical, and 
thermal operating characteristics of alumi- 
num spot welding machines; and (3) 
X-ray procedures for non-destructively 
testing final spot weld quality 

The Committee also took steps to adopt 
throughout the industry a system of 
statistical control of spot welding as a 
necessary corollary of the Armstrong qual- 
ity control practices. This recording sys- 
tem, which provides a running statistical 
check of quality output, was discussed at 
the meeting by H. O. Klinke, of the Re- 


304-s 


A longitudinal weld 
and a surface bead, each 2 in. long, were made on each 
No blowholes were found on either the inside or 
the surface of tubes 1.42 in. O.D. x 0.16 in. wall, 1.18 
in. O.D. x 0.10 in. wall, 1.09 in. O.D. x 0.15 in. wall, 
Blowholes appeared 
when the tubes were drawn to 0.64 in. O.D. x 0.083 in. 
If, instead of a welding tip having an orifice 
0.02—0.04 in., a smaller torch tip was used (0.008 in.), 


public Aviation Corp., Farmingdale, N. 
Y., where it is in operation. 

A subcommittee also was appointed to 
set up a series of standard spot weld re- 
pair procedures, both for field work and 
for production repairs, in order to expe- 
dite them generally by eliminating the 
necessity of working out the details for 
each particular job. 

Improved tensile testing machine de- 
sign, for on-the-job spot weld shear 
strength tests, which was developed by the 
Curtiss-Wright Corp., Buffalo, N. Y., and 
modified by Chance Vought Aircraft, 
Stratford, Conn., was discussed at length 
and this, too, will be made available to the 
Committee and to the industry 

The Committee decided to establish a 
research program on electrode temperature 
and its effects. 

A feature of the meeting was a discus- 
sion of magnesium arc welding in an at- 
mosphere of helium—the so-called ‘‘heli- 
arc’ process—by T. E. Piper, of Northrop 
Aircraft, Inc., Hawthorne, California, who 
came in from the West Coast to attend the 
meeting. 

Current welding developments in West 
Coast and Middle West aircraft plants 
were discussed and the Committee de- 
cided to extend its investigations more 
uniformly into all branches of aircraft 
welding. 

A report on the progress of current re- 
search at Rensselaer Polytechnic Institute, 
Troy, N. Y., was presented by Dr. W. F. 
Hess, of the Institute. 

There were numerous expressions of 
opinion at the meeting that the Committee, 
which has been convening on a quarterly 
schedule, should gather more frequently 
because of the swift progress being made in 
the welding field and the wealth of profit- 


able ideas generated at each meeting 


The visitors were welcomed to Arm- 
strong in addresses by H. W. Prentis, Jr., 
President of the Company; E. Claxton, 
Director of Research; and S. E. Dyke, 
General Munitions Production Manager. 

The following attended the meeting: 
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nounced with the larger tip, but absent with the sy.) 
When a short length of tubing 7/3 in. long was y 
a longer piece 8 in. long, blowholes were num 
the short piece close to the weld, but there w 
blowholes near the weld in the longer piece. 
tests the cause of the porosity was, beyond y 
the accumulation of heat around the weld. 

The conclusion drawn from’ these tests is that 
Mg alloy should be welded either without suppor 
a support of high conductivity such as copper. 7) 
speed of welding should be higher than usual, and + 
torch should be held at a flatter angle. 
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J. J. Basch, Oakite Products, 1; Mf 
Bayne, Walter Kidde & Co., Inc, 
Robert E. Bowman, Wright Fie! rs 
Brady, Oakite Products, Inc 
Butterer, Eastern Aircraft, Trent 
liam FE. Cain, Ford Motor (¢ 
M. S. Carpenter, Eastern Aircraft 
Nathan C. Clark, Lockheed 
(Calif.); W. E. Coffer, Rayth ’ 
facturing Company; J. H. Coope; 
Taylor-Winfield Corp.; C. W. | 
Sciaky Brothers; G. W. Garman, G: 
Electric Company; Ensign R. V. Hafs: 
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Rensselaer Polytechnic Institut 
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ica; E. F. Holt, P. R. Mallory Cor 
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Paul Johnston, Curtiss-Wright 
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B. A. Kornhauser, Navy Bureau of -Aer 
nautics; T. R. Lawson, Westing 
Electric Company; C. S. Lowe 
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man, Glenn L. Martin Company 
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Products; A. L. Perkins, Kaiser Carg 
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D. J. Riddell, Federal Machine & S 
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craft Corp.; H. Sachs, Conti ( 
Company; R. Santini, Specialty | 
ment Company; G. W. Scott, J: | 
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Curtiss-Wright Research Laborato Mi 
A. Tangel, Grumman Aircraft; Cl Ds 
Titherington, Eastern Aircraft, | re 
T. A. Wilson, Chance Vought A Fa 
William J. Wilson, Kaiser Carg He 
F. J. Winsor, Rensselaer Poly! Hi 
Institute; B. L. Wise, Federal Ma ‘ M 
Welder Co.; and R. A. Wyant, ! ro 
selaer Polytechnic Institute rey 
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Mechanical Characteristics of 
Resistance Welds in 
Plain Carbon Steels 


A Review of the Literature to January 1, 1944 
(Foreign Literature to January 1, 1941) 


By W. SPRARAGEN* and M. A. CORDOVI' 


This report is prepared under the auspices of 
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found at the edges of model spot welds (in xylonite) 
under such tests. 

Effect of Variation in Dimensions of Tensile Speci- 
mens.—Standards have been developed by the Welding 
Research Council and the AMERICAN WELDING SOCIETY 
for testing spot welds in tension and shear. The width 
of the specimen with reference to thickness and diameter 
of the spot, is an important and controlling factor. 
The specimens should not be too narrow as otherwise a 
bending and tearing action will result. Although of a 
lower order of importance, details such as: amount of 
overlap, length of specimen and distance of spot from 
edge must be given consideration. 

The shear strength of a spot weld in mild steel is de- 
pendent upon a large number of variables including the 
quality of weld, its size and the stress concentration at 
the edge. The shear strength (psi.) of properly made 
spot welds should equal that of the base metal and exceed 
that of a riveted bolted or fusion plug-welded joint of 
the same area. Assuming appropriate welding timing, 
cooling under pressure of electrodes appears to be bene- 
ficial in reducing the cracks and producing a noncoarse 
structure of spot welds in mild steel. 

Composition and Condition of Sheet.—The strength of 
spot welds depends to some extent on the strength of the 
sheets, which, in turn, depends on the composition, heat 
treatment and degree of cold work. 

The difficulties of spot welding, from a metallurgical 
viewpoint, increase with the carbon content. With 
proper current settings strong welds have been reported 
in 0.42 C steel but with carbon contents above this 
amount the welds are hard and brittle. However, special 
techniques involving preheating, welding and postheating 
(all in the spot-welding machine) have been developed 
for some of the hardenable alloys and there is no reason 
to believe that this type of procedure may not be used 
for higher carbon steels (above 0.40 C). 

Thickness of Sheet.—Usually the diameter of electrodes, 
the current and the pressure are all increased in propor- 
tion to thickness. If this is done there is no reason why 
the average pound per square inch strength of properly 
made spot welds in mild steel should not equal 90% of 
the unwelded material. 

Surface Finish.—For quality welds, mill scale should 
be removed by pickling or grinding. Oil, dirt and grease 
are also undesirable. 


Effect of Machine Settings on Strength Properties 


A tentative A.W.S. Emergency Code? recommends 
the optimum welding conditions listed in Table 8 for 
mild steel (S.A.E. 1010) sheets 0.010 to 0.125 in. thick. 
In addition to the type of electrode shown in the chart, 
the Code states that a straight electrode with dome-type 
tip with 2 to 3 in. radius is also acceptable provided the 
diameter of the contact surface, d, is held to the values 
indicated. The large diameter of the electrode, D, is a 
minimum diameter; that is, a diameter smaller than that 
indicated will cause excessive ‘“‘mushrooming”’ of the tips. 
Net electrode force refers to the exact force between con- 
tact surfaces and welding current, as given in Table 8, 
is only an approximation and should not be used as 
exact value to obtain a given weld strength. Minimum 
weld spacing has been tabulated for two thicknesses as 
explained in footnote 5; the spacing should be increased 
30% for three thickness pile-ups in which the shunted 
current effect is greater. 

Current, Time and Indentation.—One investigator 
found that best results are obtained by controlling the 
pressure and timing in such a way that the cross section 
of the spot weld is nearly the same as the electrode. In 
highe: carbon steels (0.42 C) due to the brittle nature of 
the metal in the heat-affected zone, the entire weld nugget 


may become loose. Furnace annealing overco: es this 
difficullt. Reheating between electrodes has a!s> },... 
found successful in overcoming brittle zones in(. 

Spot welds made with suitable welding condit 
Table 10) have been produced in */s in. ship p! 
shear values consistently above 53,500 psi. as a; 
ultimate tensile value of the base material of ( 
71,700 psi. 

In general, a good spot weld is a compro: 
strength increases as the undesirable effect of surfao, 
indentation (which is indicative of optimum yaly 
current) also increases, according to several authori 
Current values below the point which produces enough 
heat to raise the contacting surface of the two sheets to a 
plastic temperature plus the heat losses by conductio; 
and radiation, will not give satisfactory welds. It do 
not take a great deal of current beyond this to p: 


strong welds although the current may be increased wel] 
beyond this value and up to the point of expulsi 
metal with some increase in strength up to the point of 
expulsion. A better test of excessive current is the 
when there is a marked increase in indentation. | 


example, at this point the indentation may incr 
rapidly from 2 to 10%. 

Pulsation Welding.—This type of spot welding is used 
in joining parts of greater thickness (*/;_ to 1 in.) thar 
can be welded by conventional procedure with a give 
maximum supply and welder output in secondary an 
peres. The electrodes are allowed to remain on the work 
for a considerable period of time during which the flow 
welding current is interrupted at certain intervals, allow 
ing heat to build up between the pieces of metal. 

One group of investigators list the following dis 
advantages of pulsation welding as against the possib| 
advantage of reduced deterioration of the electrode tips 


(a) Slower welding rate due to increased time per weld 

(b) Increased electricity consumption per weld 

(c) Greater distortion of the plates owing to the extra 
heat input. 

(d) Increased number of shots or a higher welding 
current (about 50% more than for straight tim 
ing) to supply the heat dissipated from the 
weld between the pulsations. 


Pressure (Net Force).—Although the pressure is always 
thought of as static with reference to spot welding 
actually the dynamic pressure is of greater importance: 
A group of investigators report on hot-rolled, annealed 
and pickled low-carbon steel 0.047 in. in thickness that 
the best single-spot lap welds were made with a tin 
between 6 and 12 cycles and with an electrode pressur 
on flat tips of 15,000 psi. Actually the combination 0! 
pressure, current and timing should be within ranges 
that will not cause excessive indentation. 

Electrodes —Tip Size: Welding Handbook gives th 
following formula for low-carbon steel (0.05-0.15% 


Tip diameter = (0.1 + 2¢) in. 


where ¢ is the thickness in inches of one thickness of th 
material to be welded. } 

Spot welds of maximum strength and minimum 1m le ta 
tion can be achieved by the use of high currents at lov 
current densities, and high-electrode pressures with | Ww 
unit pressure at the tips, although the variations must 
kept within reasonable bound. A considerable amount ©! 
typical data is given in the main body of the report 

Shape: Alloys must possess the following character's 
tics in order to be suitable for spot-welding electrod«s 


1. High electrical conductivity at room temperatur 
2. High thermal conductivity. 


3. Low temperature coefficient for electrical co 
tivity. 
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| mechanical properties at room temperature 

.ardness, crushing strength, resistance to wear 

| shock). 

e properties must be kept fairly high at tem- 
perature up to 400-500" C. 

t be easily machined. 

st not stick to parts slightly rusted or covered 
with scale. 
ust be low in cost. 


roup of investigators observed that flat areas 
o form on dome-shaped electrodes as soon as 
was commenced. After about 200 welds the 


eumber of welds made and remained constant for sub- 
equent welding. It was found also that higher pressure 
iensities can be used with dome tips than with flat tips 


vithout producing extrusion between the sheets. 


\Vultiple-Spot Joints 


In multiple-spot welding the spots generally are in 
cows perpendicular or parallel to the axis of loading. 
The staggered arrangement is seldom used. It is diffi- 
ult to distribute the load uniformly if the spots are per- 
endicular to the load. On the other hand, with a row 
f spots in the direction of loading, the spots at the end 
{the row are more highly stressed than the spots in the 
middle of the row. 

\ group of investigators using mild steel sheets in 
three thicknesses (0.0179, 0.0394 and 0.0591 in.) made 
single- and three-spot specimens, the latter being ar- 
ranged in line (presumably transversely) and in tri- 
ngular formation. The strength per spot varied from 
78 to 103% of that of single-spot specimens in the case 
i three spots in line, and from 91 to 110% in the case of 
spots staggered in triangular formation. The greater 
strength exhibited by the staggered formation may be 
lue to the fact that it resists bending during testing and 
hence there is a reduced liability to premature failure by 
tearing; also, because all three welds fail simultaneously 
when staggered. 


Dynamic (Impact) Properties 


There appears to be no accepted method by which the 
resistance to impact of spot welds can be measured. 
his property may be of considerable importance, but it 
is dificult to test satisfactorily in a practical manner. 

The reported test results indicate that properly made 
spot welds in mild steel have excellent impact shear 
properties and are superior to comparable riveted speci- 
mens in this respect. The impact properties of mild steel 
0.17 C) seem to improve with the size of the nugget or 
ingot within the range of good welding. 


Tensile Impact 


The tensileimpact properties of spot welds (made 
wider optimum welding conditions) are better than those 
1 riveted joints. The difference in dynamic strength 
between the two types of joints decreases with increased 
carbon content of the steel. Significant improvement in 
the shear impact strength of spot welds is possible with 
the tempering treatment consisting of preheating, weld. 
ing and postheating in the spot-welding machine. The 
ratio of improvement varies from about 2 to more than 
5, as the carbon content increases from 0.2 to 0.48%. 


Heat Treatment 


The spot welding of hardenable carbon and low-alloy 
steels has been made commercially possible by researches 
which were conducted to determine the effect of auto- 
matic (within the spot-welding machine) tempering. 
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RESISTANCE WELDING CARBON STEELS 


For example, it has been experimentally determined 
that by such a treatment the shear strength of spot welds 
in 0.040-in. thick S.A.E. 1045 steel can be raised from 
SSO to 2500 Ib. per spot, and the U pull strength from 100 
to 850 lb. Under these conditions, hardness was reduced 
from 750 to less than 400 Vickers. The minimum time 
which must be allowed between welding and tempering 
for the steel in question was found to be 22 cycles which 
is longer than the time required for S.A.E. 1020 and 
S.A.E. 1035. In all cases, a definite minimum (but no 
critical maximum) time between weld and heat treatment 
was established. Further study revealed that a heat 
treatment current between 85 and 90°, of the weld cur 
rent would give optimum tempering results. The highest 
U-strength value (900 Ib.) was obtained for a heat treat 
to weld current ratio of 90%; the maximum shear 
strength (2530 lb.) being attained at 88%. 

Another group of investigators observed that if a steel 
of too high a carbon content is being used, the sudden 
heating and cooling during spot-welding operations may 
cause hardening effects, and therewith embrittlement of 
the welded zone and the area just adjacent to the welded 
zone. Prompt and careful annealing, the effects of which 
may be simulated by using very long welding periods and 
relatively low current, is recommended for welding high- 
carbon steel. 


Hardness 


No serious hardness difficulties have been found in 
spot-welding mild steel (<0.25 C). 


Metallography 


The polished and etched sections of spot welds made 
in mild steel (about 0.17% C, 0.029 to 0.047 in. thick) 
using a welding current of 13,000 to 15,000 amp. show 
the following general features: a columnar dendritic 
structure in the fusion zone; a heat-affected (outer) 
zone showing gradual transition from a coarse overheated 
structure through a normalized region, to the original 
structure of the unaffected parent metal; narrow ferritic 
zone in the interface of the said two zones. The ferritic 
zone (nearest the electrode impression) is not always well 
defined and tends to lose its identity in the region of the 
interface. 


Effect of Porosity 


In general, porosity is an undesirable feature in weld- 
ing. The degree to which it affects the strength of welds, 
however, does not appear to have been definitely estab 
lished. 


Corrosion Resistance 


The meager test data and service records indicate that 
the ordinary corrosion resistance of flash, butt and spot 
welds in mild steel is of approximately the same rate as 
the steel itself. 


Design Formulas 


A number of excellent design formulas have been 
worked out for calculating the strength of a spot weld. 
If the area of the spot is too small it becomes the critical 
section. In other instances the circumference of the spot 
times the thickness of the material is the critical section. 
The conditions of stress in pure shear as against tension 
are also important. Most design formulas have a con- 
stant which usually accounts for the heat-affected zone 
which generally averages around 95°, of the original 
material in mild steel. 
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Seam Welds 


General Conditions for Quality Welds 


Practically all factors governing spot welding are 
equally applicable to its related process, seam welding. 
In so far as condition of surfaces is concerned, cold- 
rolled steel, hot-rolled, pickled or surfaces which have 
been shot blasted are very satisfactory and permit ex- 
tremely clean and uniform welds. 
The AMERICAN WELDING Socrety recommends the 
conditions specified in Table 29 for the seam welding of 
low-carbon steel S.A.E. 1010. These data are intended 
for pressure-tight seam welding and therefore Table 29 
gives welding roll width instead of electrode diameter. 


Results of Tests 


While no satisfactory method for testing the strength 
of seam welds has been developed, the usual procedure is 
to cut coupons from lap welds which may be pulled in a 
tension testing machine. A satisfactorily made seam 
weld has, as a rule, more strength than the parent metal, 
provided the weld itself is at least one and one-half times 
in width the thickness of the material. Nevertheless, an 
efficiency of 85% is usually allowed in strength formulas. 
Qualitative tests have been provided to show the 
tightness and strength of seam welds up to °/, in. in 
thickness by welding two plates together at the outer 
peripheries and then blowing up by hydraulic pressure 
through an inlet in the center of one of the plates. Frac- 
ture usually takes place in the parent metal at the point 
of greatest stress concentration. 


Projection Welds 


In view of the wide field of successful application of the 
projection welding method, the reviewers were surprised 
to find only one investigation in the published literature 
which deals with plain carbon steel. 


Resistance Butt Welds 


There is no difficulty in butt welding mild steel tubes, 
plate or bars (<0.25 C). Excellent strength, ductility, 
impact properties and microstructures can be obtained. 
The tensile strength varies from 80 to 100% of the un- 
welded material. These values also hold good for ten- 
sile-impact resistance at room and low temperatures. 
Pressure is not critical providing the current is sufficient 
to produce good welds. 

In welding carbon steels above 30% the story is dif- 
ferent. Some form of annealing after welding must be 
employed to improve ductility and impact values. 
Careful control of temperature (preferably in a furnace) 
gives the best results. However, some improvement can 
also be obtained by annealing in the welding machine. 


Flash Butt Welds 


Surface preparation which is of major importance in 
obtaining quality spot welds has no particular significance 
in flash welding as irregularities are burned off during the 
flashing period and any foreign matter is éxpelled with 
the flash. In so far as composition of sheet is concerned, 
Welding Handbook states that all types of steel have been 
successfully flash welded to their own type and to all 
other types, as well as to practically all other metals and 
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alloys with the exception of lead, zinc, antimony 


muth, tin and their alloys. sins 
Tensile Properties 

Current varies from 4000 amp. per square inch for js 
gage to 10,000 amp. per square inch for 1-in. plate 
Corresponding times would be 5 and 60 sec., respectively 
Static tests of flash-welded rounds of mild stee! ().93- 
0.15 C showed elastic limit values of 97 to 103%, of the 
unwelded base metal; ultimate tensile strength between 
99 and 105%; elongation (in 10 diameters) between 17.8 
and 23.7% and reduction of area between 49 and 7()% 


of the stock. 
One investigator found that ultimate strength, yielg 
strength and reduction of area were very little affected 


in flash welding plain carbon steels containing ().()5 to 
0.86 C. On the other hand, there was considerable re- 
duction in elongation with carbon contents above ().30%. 
Vickers hardness increased from 110 to 143 in 0.05 ¢ 


steel, from 160 to 212 in 0.31 C steel and from 274 to 
376 in 0.86 C steel. Flash-welded rail joints (0.71 C, 0.8) 
Mn) yield tensile values equal to the base metal; re- 
duction of area, however, is decidedly lower (67°) than 
in the base metal. 


Fatigue Properties 


Notwithstanding the scarcity of published information 
on fatigue of flash welds, the reported data indicate that 
resistance welds develop remarkably high fatigue values, 
especially in corrosive media. Ordinary rotating fatigu 
endurance limits vary from 75 to 95% of the base metal, 
polished specimens giving the higher of these percentages. 
One investigator who made many tests in the field, pr 
duced results that permit the following more important 
conclusions: 


1. The surface finish of the specimen has a greater 
influence on its fatigue strength than the weld. 

2. Specimens having the flash dressed (and no other 
mechanical treatment) will not fracture throug! 
the weld owing to both the inherent strength oi 
the weld and the increase of the cross section at 
the joint due to upsetting; thus small welding 
defects will not cause failure at the joint. 


Flash-welded rail joints gave a fatigue ratio (welded t 
O7 


unwelded) of more than 77% (2 X 10° cycles criterion 


Notched-Impact Properties 


There is not a sufficient body of test data to draw 
general conclusions but in the as-welded condition values 
of 25% of unwelded base metal have been obtained on 
notched specimens (0.21 C steel); these values were 
raised to 75% of the base metal by heat treating at 00 
C. Notch-impact values equal to the base metal hav: 
been produced’in heat-treated flash welds in 0.73 C steel 


Tensile Impact 


In general, the values seem to indicate that properly 
executed flash welds may secure the full tensile-impact 
resistance of unwelded rail (0.71 C). 


M elallography 


There is a pronounced similarity, from a metallurgical 
standpoint, between resistance flash and metallic arc 
welds. Flash-weld structures differ from metallic are 
welds chiefly in that the various zones are narrower an¢ 
some zones are subjected to hot forging. 
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Introduction 


HE purpose of this review is to summarize the 

information available in the literature on the major 

variables affecting the mechanical properties of 
welds made in plain carbon steels by the resistance weld- 
ig method. 

Spot welding has received by far the most serious at- 
tention in the published literature and, therefore, is given 
consideration in the present report. Comparatively 
ttle information is available on the mechanical charac- 
teristics of welds made in plain carbon steels by the other 
resistance processes. 

It is unfortunate that much of the published data are 
resented with one or more pertinent facts omitted as 
this makes it difficult, if not impossible, to correlate the 
results obtained by different investigators. American 
and foreign publications which, because of war conditions 
ind restrictions, are unavailable at this time will be made 
the subject of a limited review at a future date. 


Spot Welds 


Effect of Work Variables on Static Properties 


As in other metals, spot welds in steel are difficult to 
test in such a way that a strength value of general signi- 
ficance is secured. 

The chief advantages of the shear or tension test on a 
lap joint are the simplicity of preparation of the speci- 
men and of making the test, the availability of tension 
testing equipment and the fact that the result is expressed 
in units which closely approach the needs of the designer.’ 
On the other hand, the objection to this type of test lies 
in the fact that the stress concentration and the unavoid- 
able eccentricity of loading cause distortion of the pieces 
so that pure shear is never obtained. 

lhe mechanism of failure of a single-lap spot weld is 
explained by several investigators':? in the following 
manner: the misalignment of the overlapping strips 
allows a couple to form which causes bending near to the 
weld; this bending progressively increases with the ten- 
sile load on the specimen and the plane of the weld be- 
comes inclined at an increasing angle to the line of pull, 
introducing a tearing action concentrated on two points 
on the circumference at opposite diameters of the weld. 
Thus, as the load increases, the character of the test 
changes from what originally started as a pure shear test 
to a complex system of shearing and tearing when failure 
occurs, 

In a photoelastic investigation of the stress distribution 
around the edge of model spot welds in xylonite, Tylecote® 
found stress concentration factors as high as 7.7 for the 
shear stress and 4.6 for the principal stresses even before 
bending and tearing action came into play. Such action, 
according to Dearden and O'Neill,? must tend toward 
even greater concentration of stress at the edges of a real 
spot weld, although the onset of yielding may, for a time, 
limit the stress to that of the yield point of the material 

_It becomes quite obvious then that a good quality 
single-spot weld of high potential breaking load is liable 
to premature test failure by tearing, owing to the bend- 
ing of the component plates during testing. Resistance 
to bending is proportional to the width and to the square 
ol the thickness of the test specimen.? 
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Mechanical Characteristics of Resistance Welds in 
Plain Carbon Steels 


RESISTANCE WELDING CARBON STEELS 


Effect of Variation in Dimensions of Tensile Specimens. 
—The process qualification test (tension) suggested by 
the Welding Research Council,‘ stipulates a test specimen 
obtained by lapping two strips of metal and joining them 
by a single-spot weld. The dimensions of the specimen 
shall be as recorded in Table 1. The amount of overlap 
is to be equal to the width of the specimen in all cases. 
The distance that each specimen is inserted in each grip 
of the standard tension testing machine is to be 2 in. in 
all cases. Whenever feasible the length of specimens 
should be made in the direction of rolling. 


Table 1—Specifications for Single-Shear Specimens. 
Welding Research Council’ 
Metal Thickness, 


Width Ferrous Metals Minimum Length 


In. and Alloys, In. Each Piece, In 
Up to 0.030 b/s 3 
0.031 to 0.050 1 j 
0.051 to 0.100 1'/, 5 
Above 0.100 2 (min.) 6 


Nikolaev’® has studied the effect of variation in dimen- 
sions of spot-welded specimens on the tensile strength of 
single-spot joints (see alsosectionon Multiple-Spot Joints). 
The low-carbon steel specimens (composition not stated) 
were of the type shown in Fig. | and the different dimen- 


sions are recorded in Table 2. No welding details were 
given. It was found that: (a) variations in distance 
between the center of the spot and the end of the strap 
had no effect on the tensile strength of the spot weld 
(Specimens 1-c, 1-d, l-e, 1-f, Table 2); (b) a decrease in 
the width of the plate from 5d to 3d (d being the spot 
diameter = 0.24 in., approximately) did not affect the 
strength value to an appreciable extent; however, a de- 
crease of the width to 2d had a pronounced effect and 
lowered the strength about 25% (Specimen 1-k, Table 
2). 

In all cases, the fracture occurred in the spot 
strength was calculated by the formula: 


Tensile 


¢= 


where 
S = breaking stress 
d = spot diameter 
n = number of spots in the joint 


Experimental results regarding the effect of width of 
specimen on the static properties of single-spot welds 
have been provided also by Dearden and O'Neil,” 
Table 3. The recorded data indicate that the width of 
the strips had an influence on the form of failure, particu- 
larly in the thinner plates (0.17-0.18 C, 0.51-0.53 Mn, 
0.049-0.052 S, 0.037—0.038 S), as greater width supplies 
stiffness to resist bending and tearing. In subsequent 
tests, the difference in breaking load obtained with 2-in. 
and 2'/»-in. wide, '/4-in. thick plate, was only about 2% 
but the extra '/, in. was sufficient to raise the lower limit 
for tearing failures from 17,920 to 22,000 Ib. 

From Table 1 it is seen that the minimum length re- 
quirements‘ for plates 0.100 in. (or more) in thickness is 
6in. Dearden and O'Neill® verified the adequacy of this 
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Width of 


Table 3—Effect of Width of Specimen on Form of Fa; 
Breaking Load. Dearden and O'Neil): 


Plate Thickness, 
| In. Strips, In. Failure 
Sheared 
(a) \2 Torn 
j Sheared 


lure and 


Form of Breaking | oad 


“s*c* 
(b) 

Fig. 1—Single-Spot Specimens. Nikolaev® 


dimension in '/4-in. plate (0.15% C, 6 in. long, 2 in. over- 
lap) and found it to provide ample length for bending. 
A component strip length of 6 in. proved satisfactory 
also for welds made in */s-in. plate. In the latter case the 
breaking load was found to be within the usual range of 
scatter when using strips 6, 7'/2 and 9'/.in. long. It was 
therefore surmised that strip length was not a vital fac- 
tor above 6 in. 


Table 2—Effect of Variation in Dimensions on Static 
Strength of Single Spot-Welded Joints. 
Nikolaev and Nikolaev! 


(2 Torn ?, 
Sheared 
Torn 9 
6 Sheared 9 
) 


psi. tensile strength). Comparative tests were mad 
similar specimens joined by plug welds (metal are proc 
ess) and by mild steel bolts and rivets. The dimensions 
of the specimens were varied widely so as to cause failure 
in each of the 4 fundamental ways indicated in the foot 
note of Table 4. 

The values recorded in Table 4 indicate that the spot 
welds had an unusually high shear strength, higher ip. 
deed than the tensile strength of the unwelded stce| 

The results for the specimens that failed in shear are 
plotted in Fig. 3. In general, the shear strength is pro 
portional to the cross section of the spot, but there js 
considerable scatter in the experimental values 
zones are shown, the lower corresponding to weld 


ais 


that 
were cooled after release of pressure, and the upper to 
welds that were cooled under electrode pressure (no « 
tails are given of the electrode pressure, welding time and 
other factors). The welds cooled wnder pressure were 
stronger. Nevertheless, it was pointed out, that cooling 
under pressure is not always effective in preventing 

holes in the weld, especially if the duration of welding is 
excessive. The unusually high shear strength of spot 
welds cooled under pressure is probably related to in 


Specimen ternal stresses, as well as to the suppression of pipe and 
Designa- Type of Dimensions, In. Shear Stress, gas cavities. 
tion Joint A B Cc Psi. The conditions governing failure in the plates are illus- 
Single lap (6 trated in Figs. 4 and 5. As /, is increased (Fig. 4), failure 
~~ 31 0:24 16 46/220 occurs by shear through the inner plate (or outer plates, 
1-d 3.1 0.36 1.6 45,500 
l-e See 3.1 0.49 1.6 44,220 
1-f } Fig. 1 (b) 3.1 0.72 1.6 44,370 
1-g | 12.8 0.70 1.2 42,230 
1-h | 2.8 0.47 40,810 *. 
1-i | 2.8 0.71 38,960 r 
1-k } 0.94 31,280 


Warnant and co-workers® carried out an investigation, 
under the auspices of the University of Brussels, to 
determine the effect of the dimensions of the joint on its 
tensile strength. The spot-welded specimens were of the 
type shown in Fig. 2 and were made of mild steel (C 
content not given) 0.04 to 0.28 in. thick (53,000—67,000 


Fig. 2—Spot-Welded Specimen. Warnant and Co-workers’ _ 

d = diameter of spot, varied from 0.17 to 0.77 in.; e, = varied 

from 0.039 to 0.25 in.; e; = varied from 0.039 to 0.28 in.; b: = 

varied from 2.4 to 3.2 in.; b; = varied from 2.4 to 8.0 = 
varied from 0.39 to 3.2 in.; |; = varied from 0.28 to 6.4 in. 


Table 4—Stresses (Psi.) at Failure of Spot and Plug Welds and Bolted Joints in Mild Steel. 


Type of of 

Joint 
Spot welded 34,000-38,000 151,000-164,000 2,000-103,000 
Bolted 29,000-36,000 192,000-215,000 


Plug welded 29,000-35,000 139,000 60,000-80,000 


* 1—by shear through the inner plate or outer plates. 
2—by compression of the meta] around the joint, with or without buckling. 
3—by tension across the metal on either side of the weld or bolt. 
4—by shear through the spot weld or bolt. 
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54,000-95,000 
47 ,000-52,000 
42, 000-59 ,000 
40,000-—47 


22,000 


1|,000 


depen 
a crit 
fails | 
depen 
thin 
by cr 
obser 
spot 
sheet 
treat 
Jel 
coun 
havi 
from 
high 
steel 
nitel 
indir 


w 


BREAKING LOAD (2F-+) 


33,000 
\ 
fig. 3 
Lross 
A = pres 
others 
age Cc 
] 
not 1 
expe 
74 
JULY 


iilure 
loot 


Spot 
eT in- 


rs’ 


0620 in? 
CROSS SECTION OF SHEARED SPOT 


fig. 3—Tests in Which the Joint Failed by Shear Through the 
Spot. Warnant and Co-workers’ 
Cross section of sheared spot = 2d?/4, d being diameter of spot. 
= pressure released immediately after weld had been made; all 
sthers cooled under pressure. D = defective, gas holes or shrink 
, s on sheared section. 


depending on dimensions) at increasing loads. Beyond 
a critical value of L;, the inner plate (or outer plates) 
fails by compression at a load independent of /; or /; and 
depending only on thickness. Thus, if the plates are 
thin (0.08 in. in Fig. 5) compression failure is accompanied 
by crumpling or buckling of the plate. No buckling was 
observed with the thicker plates. 

Composition and Condition of Sheet.—The strength of 
spot welds depends to some extent on the strength of the 
sheets, which, in turn, depends on the composition, heat 
treatment and degree of cold work. 

Jeffs’ believes that one of the main difficulties en- 
countered in spot welding of mild steel is due to the steel 
having been rolled from billets which have originated 
from scrap of irregular chemical analysis. For example, 
high percentage of carbon may be contained in mild 
steel sections rolled from old trolley rails. This will defi- 
nitely have a bearing on the strength of the sheet and, 
indirectly, also on the strength of the spot. 

Dussourd® found (see section on Machine Settings) 
that strong spot welds can be made in 0.42 C steel but 
not in 0.83 C steel, 0.20 in. thick. Remington’ (in 1922) 
experienced no difficulty in spot welding steel containing 
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Fig. 4—Effect of Overlap (L.) on Breaking Load (2F,) of Spot- 
Warnant and Co-workers‘ 


Welded Joints. 
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0.50 to 0.65 C, but the welds were glass hard. Low cur 
rents and long welding times were used to reduce the 
quenching effect. 

To attach a sheet of steel 0.031 in. thick, 15 x 16 in., 
containing 0.80 C, 0.29 Mn, 0.17 Si to a bar of lower 
carbon steel (0.20 C, 0.49 Mn, 0.08 Si, */s x '/2 x 12 in.) 
Hudson” drilled holes '*/s4 in. diameter on 1-in. centers 
through the center of the '/:-in. side of the bar. Scale 
was ground from the sheets, because it increased the 
voltage and caused holes to be melted in the sheet. Pins 
(*/y6 in. diameter, and '/, in. long) containing 0.06 C, 
0.08 Mn, 0.04 Si, with small projections on the ends were 
inserted in the holes and were spot welded (600 amp., 
1.6 v., 11,500 psi on pin, 3 sec.). There was no evidence 
of burning and only a negligible amount of martensite 
was observed. Improperly executed welds contained 
considerable amounts of martensite in which brittle frac- 
ture always occurred in tensile tests. In direct tension, 
each pin weld withstood 342-368 Ib. before failure. It 
was found that pin welds on lower carbon steel required 
higher values of current, pressure and time. 
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Fig. 5—Effect of Overlap (L) on Breaking Stress (2F./e,d or 
F,/e2d) of Spot-Welded Joints. Warnant and Co-workers‘ 

2F. = breaking load; d = diamster of spot; 
middle plate; e2: = thickness of outer plates. 


e, = thickness of 


In connection with the welding of chassis frames, 
Bavister'' conducted a series of tensile tests on strips cut 
from a production frame side member. The strips were 
of such a section as to promote failure through the weld. 
They were lapped and spot welded. The pressings which 
were welded to form the frame had the following analysis: 
0.19-0.25% C, 0.25-0.60 Mn, 0.05% (max.) S, 0.05% 
(max.) P, 0.25% (max. Si). The welding conditions were: 
Machine PH 90 (Sciaky panel), Sciaky pincers 113/140, 
electrode contact faces °/\, in. diameter, transformer tap- 
ping No. 5, timing set at 60 which gave a welding time of 
0.055 min. The pressure during actual welding was 5810 
psi. The welds were of normal external appearance and 
quite sound and free from internal cavities. A shear stress 
was applied through the weld spots and the values ob- 
tained were: (a) 7638 Ib., equivalent to 55,350 psi. on 
weld area or 99,790 psi. on electrode contact area; (b) 
7033 Ib., equivalent to 50,243 psi. on weld area or 91,705 
psi. on electrode contact area. The fractured surfaces 
were silky in character and a small amount of tearing at 
the edge of the spots was observed. 
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Thickness of Sheet-—The effect of plate thickness on 
the strength of spot welds of equal size is shown by Dear- 
den and O'Neill’ in Table 5. The relative stiffness of the 


Table 5—Effect of Thickness on Strength of Spot Welds in 
Mild Steel. Dearden and O'Neill’ 


Thick- 
ness Weld 
bry of Plate,* Area, Breaking Load, Range of Av. Stress, 
; In. In.? Lb.t Stress, Psi. Psi. 
1/, 0.4 11,200 (¢) 22,400-—44,800 33,600 
15,689 (s) ) on OR 
‘ 10.7 22.400 (£) | 26,880-51,520 36,960 
0.4 15,680 (s) | 
. 0.7 30,240 (s) i 31,360—51,520 41,440 


* Plates contained 0.14 to 0.17 C. 
‘t (t) = weld failed by tearing; (s) = weld failed by shearing. 

t Nominal stress values obtained by dividing the breaking load 
by the fractured area of sheared welds 


three thicknesses involved was found to be in the ratio 
of 1:4:9, the bending of the strips during testing varying 
as the square of the plate thickness. The earlier expressed 
view by these authors, that bending of the strips initiates 
premature failure by tearing on account of stress concen- 
tration at two points on the circumference of the weld, 
appears to be substantiated by the fact that higher break- 
ing loads were obtained with the thicker strips, Table 5. 
It must be remembered, however, that the breaking loads, 
mentioned above apply solely to specimens of the width 
used in this investigation that is 2 in. and 2'/.in. Wider 
strips (see Table 3) resist bending and thus delay the 
onset of tearing, resulting in higher breaking loads. It 
appears, therefore, that both the thickness and the 
width of the strips affect the strength and mode of failure 
of spot welds to a considerable extent 

The relation between sheet thickness and shear 
strength of single-spot welds in USS Air-Ten steel sheets 
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Fig. 6—Relation Between Sheet Thickness and Shear Strength 
of Single-Spot Welds in USS Air-Ten Steel. Bibber and 
Heuschkel** 


312-s 


WELDING RESEARCH SUPPLEMENT 


(max. ladle analysis: 0.12 C, 0.60 Mn, 0.040 P. (9 


is shown by Bibber and Heuschkel® in Fig. 6. \ 
was performed in accordance with the conditic; nen Table 
fied in Fig. 6 (a) and the type of specimens us 
investigation are shown in Fig. 6 (6). The cd: : 
curves plotted in Fig. 6 represent the United Spay, 
Army Aur Force minimum requirements for shear 
of spot welds made in sheets of various thickness - 
The effect of thickness is demonstrated als: , 1 
experimental results reported by Taylor.'?  Referene, 
Table 6 shows that as sheet gage increased from 
l 
Materia 
\ to 
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Fig. 6 (b)—Details of Tension-Shear and Twist Specimens the 
Tested by Bibber and Heuschkel** the 
lace 
All 
(0.031 to 0.125 in.), static strength (single shear) ™ stec 
creased from 1100 to 5800 Ib. per spot; the corresponding in 1 


values for double shear were 1700 and 8400 Ib. per spot bre 


The welds were made with an automatic spot welder ©! cat 
- 40 kva. capacity (no other welding data given by aut! Th 
Materials conforming to the second specification (D. 1.) resi 
124) were found excellent from a welding point o! view in 
and it was suggested by the author that such parts may ind 
be subsequently heat treated to give a maximum stress abl 


of 112,000 psi. or higher. 
Tests conducted by Mallory and Co." showed that 
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Table 6—Mechanical Properties of Spot Welds. Taylor'* 
Material Welded: Mild Steel. B.S.I. Spec. 2S3 
Load per Spot, Lb 


G Single Shear Double Shear 

9 1100 1,700 
9 1600 2,300 
18 1900 2,700 
2400 3,400 

16 2500 4,200 
14 3400 5,600 
2 3900 6,600 
5800 8,400 


Materials Welded: Medium C Steel. D.T.D. Spec. 124. C 0.3, 


Mn 1.75% 


18 2700 4,400 
16 4400 6,700 
14 5600 8,700 
12 5700 11,000 
10) 7600 13,000 


under proper welding conditions (no details) the strength 
of the spot weld is approximately 909% of the original 
material in small sheet thicknesses (up to '/1 in.) and 60 
to 80° in heavier thicknesses such as '/, in. According 
to Hughes" different thickness of material does not affect 
the weld characteristics. He welded 30-, 28-, 26-, 24-, 
92. 20-, 18-, 16- and 14-gage sheets of steel together in a 
bundle at one time and obtained a good weld (no details). 

Surface Finish.-The matter of cleaning of the work 
prior to welding is important and requires consideration 
because steel as it comes to be used is coated with a more 
or less continuous layer of mill scale and is also liable to 
become rusted. 

Welding Handbook’ considers it a very poor practice 
to try to weld through grease, paint or steel scale and 
rust. Hot-rolled scale or annealing scale causes the ma 
jority of difficulties, according to this handbook. Tyle- 
cote’® and Jeffs,’ too, indicate that the surfaces of the 
material to be welded should be clean if quality results 
are desired. The latter poimts out further that scale 
(which is a hydrated oxide of iron) is of higher electrical 
resistance than the steel to be welded and has a lower 
melting point. The effect of this is to cause a deposit of 
molten scale around the spot when welded. This gen 
erally runs into an irregular shape—a “‘lip’’ or ragged 
edge to the spot formed of hard slag—-which has to be 
removed in most cases before the work can be passed on 
to finishing or painting. Welding Handbook'® recom- 
mends pickling as the best method of cleaning steel for 
spot welding. 

Wright and co-workers” caution that unless all rust 
or scale is removed at those points at which the elec- 
trodes make contact, severe burning of the tips is brought 
about. The necessary preparation is easily and quickly 
made by running a portable grinder over the surface in 
the way of the welds. The results listed in Table 7, show 
the relative effect which different conditions of the sur- 
lace have on the shear strength of single-spot welds. 
All tests were made in triplicate on welds made in mild 
steel (ship plate quality-——40,000 to 45,000 psi. tensile) 
in the clean, rusted and scaled condition. The higher 
breaking loads and scaled material correspond, as indi- 
cated from Table 7, with the greater weld diameters. 
he authors attribute the latter to increased interfacial 
resistance between the plates with consequent increase 
in heat concentration. Although the results seem to 
indicate that cleaning is unnecessary and even undesir- 
able, Wright admits that the risk for spoilt welds is al- 
Ways present. From this point of view cleaning is to be 


lavored to remove excessive rust or scale, just as would 
have to be done with riveted structures. 
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Very slight difference (2-3°,) was found by Hess and 
Wyant" in the strength of welds made without removing 
the protective oil film and completely degreased stock. 
The authors poimted out that the danger of welding oily 
stock would not be due to any action of the oil but to the 
dirt which it may have picked up due to careless handling 
or standing too long exposed in the shop. In agreement 
with Jeffs’ statement, Hess'® also has found that the 
black deposit (which forms on the electrodes in welding 
oily stock) having a high electrical resistance, forces the 
current to pass around it, thus forming ring-type welds 
(see Table 16, section on Shape of Electrode). 


Table 7—Effect of Surface Condition on Strength of Spot 


Welds.* Wright, Dixon and Pearson" 
Condition 
of Shear Load, Mean Diam. of 
Steel Lb Welds, In. Shear Stress, Psi 
(a 36,300 0.95 51,040 
Clean; b 34,320 0.95 48,400 
lc 33,880 0.93 18,400 
fa 47,740 1.09 51,260 
Rusted; } 49,500 1.10 51,400 
Cc 47,300 1.07 51,920 
a 40,700 1.03 18,400 
Scaled: 6 46,200 1.08 48,400 
c 39,160 1.00 50,160 
* Shear tests on single welds—’/j\¢-in. plates, 24,500 amp. weld 


3 


ing current, */,-in. electrodes, time 18 sec. 


According to Neuman and McCreery*® also, the color 
of the sheets may have an influence on the results. 
Metals with thin oxide coatings may be any of several 
colors and will offer considerable resistance to the flow of 
current. 


Effect of Machine Settings on Strength Properties 


The energy in a weld is directly proportional to the 
current squared, the resistance of the contact between 
pieces of work and the time during which the welding 
current is allowed to flow If consistent results are to be 
obtained, each of these three factors must be accurately 
controlled.*? 

A tentative A.W.S. Emergency Code** recommends 
the optimum welding conditions listed in Table 8 for 
mild steel (S.A.E. 1010) sheets 0.010 to 0.125 in. thick. 
In addition to the type of electrode shown in the chart, 
the Code states that a straight electrode with dome-type 
tip with 2 to 3 in. radius is also acceptable provided the 
diameter of the contact surface, d, is held to the values 
indicated. The large diameter of the electré ide, dD, is a 
minimum diameter; thatis, a diameter smaller than that 
indicated will cause excessive ‘‘mushrooming”’ of the tips. 
Net electrode force refers to the exact force between con- 
tact surfaces, and welding current, as given in Table &, 
is only an approximation and should not be used as 
exact value to obtain a given weld strength. Minimum 
weld spacing has been tabulated for two thicknesses as 
explained in footnote 5; the spacing should be increased 
30° for three thickness pile-ups in which the shunted 
current effect is greater. 

A comparative general study of spot-welding process 
factors in relation to the quality of the weld produced has 
been made by Dussourd.® He used three plain carbon 
steels 0.20 in. thick of chemical composition and physical 
properties shown in Table 9. The conditions employed 
in welding were: copper electrodes 0.39 in. diameter 
(water cooled); electrode pressure 970 lb., welding 
time 0.02 min., cooling after welding with pressure re 
leased or under pressure. 
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Table 8—Tentative A.W.S. Emergency Standard” for Spot Welding Low-Carbon Steel* =: 
THICKNESS OF | ELECTRODE DIA. | WELO TIME | MINIMUM WELD STRENGTH AND| APPROX.| APPROX.| MINIMUM | MiNivuw 
THINNEST OUT AND SHAPE SINGLE ELECTRODE FORCE CURRENT| DIA. WELD | CONTRACTING r 
SIDE PIECE IMPULSE ULT. TENSILE ULT TENSILE OF FUSED| SPACING |OvVER- LAP 
| GAUGE MAX. MIND (60 PER BELOW 70,000 | 70,000 & ABOVE ZONE To (NOTE 7) — 
SEC. ) P.S.1 P.S.1. FR L 
FORCE |STRENGTH FORCE |STRENGTH a 
IN. IN. IN. LB. LB. L8 LB. AMPS IN. IN. IN 
0.010; 32 1/8 3/8 4 200 130 400 | 180 4000 0.10 1/4 L 
0.020} 26 | 3/16 | 3/8 6 300 | 320 500 | 440 6500 | 0.13 | 3/8 7/16 = 
0.030] 22 | 3/16 | 3/8 400 | 570 700 | 800 8000 0.16 1/2 Lf 
0.040} 20 1/4 1/2 10 920 900 {1200 9500 0.19 3/4 1/2 
0.050} 18 1/4 1/2 12 650 |1350 --- | --- 10500 0.22 7/8 9/16 
0.060; 16 {1/4 | 1/2 4 800 1850 | --- | --- {12000 | 0.2 1 5/8 
0.080} 14 |5/16 | 5/8 17 1100/2700 | --- | --- {14000 | 0.29 | 1-1/4] 11/16 ie 
fe 
0.094| 13 | 5/16 | 5/8 20 1300/3450 | --- | --- |15500 | 0.31 | 1-1/2 3/4, 
0.109} 12 3/8 5/8 23 1600 |4150 Seay SP 17500 0.32 1-5/8 13/16 crea 
0.125, 11 |3/8 | 7/8 26 1800/5000 | --- |--- |19000 | 0.33 | 1-3/4| 7/8 are 
NOTES hat 
TYPE OF STEEL~ SAE 6 ELECTRODE MATERIAL, CLASS brit! 
. MATERIAL FREE FROM GREASE,SCALE AND DIRT MINIMUM CONDUCTIVITY - 75 % OF COPPER ilar p’ 
3. WELDING CONDITIONS gene BY THICKNESS MINIMUM HARDNESS - 75 ROCKWEL "8" wR. 
OF THINNEST OUTSIDE PIE ff 
4 DATA FOR TOTAL THICKNESS OF PILE-UP NOT not 
EXCEEDING 4° T et we 
5 MINIMUM SPACING IS THAT SPACING FOR TWO y 
PIECES FOR WHICH NO SPECIAL PRECAUTIONS in 0.4 
NEED BE TAKEN TO COMPENSATE FOR SHUNTED An 
CURRENT EFFECT OF ADJACENT WELDS. FOR 3 set 
PIECES INCREASE SPACING 30%. sie 
* — Approval of this code by Resistence Standards Committee of the 
American Welding Society is pending. 
Wi 
The author maintains that the values obtained (Table (a) The values of R/A and R/E were found | 
9) suggest that strong spot welds can be made in 0.42 through a maximum which was 10% higher wh« 
C steel but not in 0.83 C steel. Denoting the total shear weld was cooled under pressure than when the pressur 
strength of the spot weld by R, the cross section measured was released before cooling. Single 
after shear by A and the cross section of the electrode by (b) The maximum for R/E was reached after a lo 
E, Dussourd established the following relations: time of welding than for R/A. Thisseems to indicate t 
Table 9—Shear Strength of Spot Welds in Plain Carbon Steel. Dussourd* 
Tensile Shear Strength of Spot Welds, Kips/Sq. In 
Composition of Strength Based on Area of Based on Electrode Max. Briuell 
Steel * Unwelded Sheared Spot Area Hardnesst 
= Mn Si Psi a b ( d a b c d a b c d 
0.08 0.23 0.34 £9,500 62.0 53.5 86.5 65.0 mr e 130 
0.42 0.48 0.26 90,500 of. 48.5 65.5 46.5 49.5 65.5 84.0 58.5 550 . 360 41 Is 
0.83 0.22 0.30 134,000 8.5 21.0 380 11.0 30.5 34.0 665 510 630 425 18 Doub! 
* The steels contained less than 0.01 S, 0.01 P. . 
+ Converted from Rockwell C. 
(a) <As-welded. 
(b) Reheated between the electrodes at 27.5 kva. 
(c) Reheated between the electrodes at 36.7 kva. 
(d) Reheated between the electrodes at 50 kva. 
(e) Unwelded. 
314-s WELDING RESEARCH SUPPLEMENT JULY 1944 


— 
| 
= 
teh 
ag 
den 
Wie 
| 
“4 
val 
¢ 


PER 


ULY 


j 
L T T 4 
| 
| 
| 
4 
' PLANE OF SHEAR 
b 
a) 
2 -1%—e | 


fig. 7—Test Pieces Used for the Determination of Spot-Weld 
: Shear Strength. Wright and Co-workers" 


the increase in strength of the weld is due to an increase 
; section of the spot, the strength per unit area of 
spot having already passed its maximum. 
Increase in pressure beyond 5770 psi. retards 
efective welding, the explanation put forward being that 
the electrical resistance across the junction of the plates 
lecreases as the pressure increases. 

The best welding effect was obtained when the 
ross section of the spot weld was nearly the same as 

it of the electrode. 

Apart from the above conclusions, Dussourd observed 
that the familiar shear fracture of spot welds in low 
arbon steel was replaced in the higher carbon steels by 
, brittle fracture through the heat-affected zone, a lentic 
ular piece of metal representing the fused zone sometimes 
sparating from the fractured specimen. Furnace 
nealing raised the strength (based on area of sheared 
spot) of the welds in 0.83 C steel to 75,000 psi. Reheating 
between the electrodes had a good effect on spot welds in 

C steel. The structure of the as-welded spot welds 
in 0.43 C and 0.83 C steels was martensitic. 

Another research along these lines was carried out by 
set of British investigators” who obtained the strength 
in shear of spot welds under various conditions of current, 


Secondary 


Time, Current, 
Weld Electrodes, In Sec. Amp 
(7 23,600 
112 23,600 
}17 23,800 
23,800 
| 127 23,900 
single spot 40 23,900 
{12 26,400 
. 40 26,300 
(22 28,800 
140 28,900 


24,100 

12 24,500 

17 24,700 
5/ 


25,000 
27 25,100 
25,200 


25,200 


Double spot 


26,900 
27,100 
27,600 


| 199 28,000 
(27 27,700 
28,000 
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Table 10—Shear Strength of Spot Welds in Ship-Quality Mild Steel Plate. 


WELDING CARBON STEELS 


time and electrode size. Some of the tests were made on 
test pieces of the type shown in Fig. 7 (a) and others on 
shear pieces as in Fig. 7 (>), machined out of ship quality 
mild steel plates after welding. The condition of the 
surfaces is not stated but it is conjectured that these 
(*/s-in. thick) specimens were free from dirt, rust and 
scale as were other plates used in this research. The 
results are listed in Table 10 and on the whole, they are 
remarkably consistent. The ultimate tensile strength of 
the steel used was 62,700 to 71,700 psi. and this may ac- 
count, in part, for the comparatively high values of spot- 
weld shear stress obtaimed. 

Hensel and co-workers** obtained an average strength 
of 1050 Ib. per spot for welds made in clean, cold-rolled 
steel, 0.040 in. thick. The welding conditions were as 
follows: current timing 7 cycles; welding pressure 15,000 
psi.; current 10,500 amp.; welding speed 50 spots per 
minute; spacing of spots */, in. between center lines; 
delay period 10 cycles; weld period 7 cycles; hold period 
IS cycles; off period 38 cycles. 

Current, Time and Indentation.—-For practical consider 
ations, the fundamental equation for the heat used to 
make a spot weld (/7 = I*RT'K) may be reduced to 7 
C/I*, where C represents the variables: H (heat), R 
(effective resistance) and A as one unknown 
Apparently then, for any set of conditions which deter 
mine C, the relationship of time and current may be 
determined. Welding Handbook***® recommends the 
charts shown by Figs. 8 (a) and 8 (0) referring to welds 
which can be made on low-carbon steel (0.10—0.20% C) 
by using tip diameters and welding pressures listed in 
Table 13 (section on Electrodes). These schedules were 
up on the basis of an optimum condition of spot 
strength and minimum indentation. 

In general, a good spot weld is a compromise, for 
strength increases as the undesirable effect of surface 
indentation (which is indicative of optimum value of cur 


3 


heat losses 


set 


rent) also increases, according to several authorities 

The shearing strength of a spot weld in steel '/i¢ 1n. or 
less in thickness, may be expected to vary with current 
in the manner shown by Unger*®® in Fig. 9. 
curves necessarily indicate only general characteristics as 
their shape will vary with the kind of material welded 


Lhese 


Wright and Co-workers 


Area of 
Shear Load, Mean Diam Spot, Shear Str 
Lb. of Spot, In Sq. In Psi 
21,060 0.615 0. 297 69.740 
32,590 0.81 0.452 61,600 
42. 900 0.97 0.74 AB 
44,350 0.98 0.75 58.100 
$7,040 1.08 0 83 55.600 
54,660 1.08 0.9] 58,960 
38,300 0.90 0.64 58,960 
61,710 1.20 1.13 53,680 
66,300 1.22 1.17 56,540 


Spot torn away from plates 


Total Area 


38,660 5/, 0. 614 

32,490 0.614 

33,710 5/, 0.614 

33,490 b/, 0.614 

33,800 b/, 0.614 54,120 
33,710 0.614 53,900 
34,590 5 5 0.614 55,440 
33,640 0.614 53,900 
35,570 5/, 0.614 56.760 
36,400 5/, 0.614 58,300 
34,790 5/, 0.614 55,670 
37,480 5/5 0.614 60,060 
36,510 5/; 0.614 58,520 
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and its thickness. Point A of the curves is the value of 
current which will produce enough heat to raise the con- 
tacting surface of the two sheets to a plastic temperature 
plus the heat losses by conduction and radiation. Slight 
variations in contact resistance between sheets and be- 
tween electrodes and sheets will cause large variations in 
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Fig. 8—Time and Current Curves—Equal Thicknesses, Clean, Low-Carbon Steel. Welding Handbook 


the results on the AB part of the curve which has a ven 
steep slope. During this period the spot underneath t! 
electrode reaches a welding temperature which gi 

to a sudden jump from no weld at all to a strong wel 
Strength increases from B to C which is the welding r 
At point C shrink holes and cracks are produced a1 


Table 11—Optimum Welding Conditions for Single-Spot Welds in Plain Carbon Steel. Dearden and O'Neil! 


Plate Tip Heat Input Breaking 
Thickness, Diam., Current, Shots (30 Cycles (Amp.? & Cycles) Load of Wel 
In. In. Amp. On, 1 Cycle Off) Values X 10° Lb 
7/32 9,000 2 4.8 4,480-5,60) 
/ 39 18,000 9.7 6,720-7,84 
11/35 15,000 2 13.5 6,720-7.34 
11/59 13,000 3 15 6,720-7 84 
1/s 11/59 12,000 4 17 6,720-7,84! 
10,000 S 24 6,720-7,84 
1 1 24,000 l 17 8,960-11,2 
22,000 2 29 8,960-11,2 
V/s 20,000 3 36 8,960-11,20 
1/, 18,500 4 41 8,960-11,2 
16,000 8 61 8,960-11,2 
1/5 1/9 14,000 12 70 8,960-1 
V/s 13,000 16 81 9,960-11,201 
1/, 1/, 25,000 2 37 14,560-16,800 
23,000 3 48 14,560-16,8 
22,000 4 58 17,920-20, lt 
20,000 6 72 17,920-20, lt 
1/, 1/, 18,000 8 77 17,920-20,16 
16,890 12 92 17,920-20, 16 
15,000 16 106 17,920-20, 
3/, 26,000 4 R] 24,640-26,8s 
1/, 24,000 6 104 24,640-26,85 
22,000 116 24,640-26,8S) 


a 
” 


STRENGTH 
PER 


SHEAR 
POUNDS 


de 
\ \a 46 
\ 
ry 
| | | BS 
ati tt | set sl 
the s 
with 
in th 
= 
nd 
curr 
proj 
shed 
Re 
ee 
| 
| 


| | 
| 
In 
| | 
a” | | 
uz | 
| q2 — t——-+ 
= EXPULSION BEGINS 
= 
| 
CURRENT 
Ew Fig. 9-Typical Shear Curve for Spot Welds, Illustrating the 
Fitect of Current Variations on Material Over '!/;, In. (Full Line) 
and Less than In. in Thickness (Dotted Line). Unger”® 
SBS. not is weakened by deep indentation. Therefore to ob 
Les. un welds of the highest strength, the machine should be 
«t slightly below C. In the case of thinner sheets (dotted 
m line, Fig. 9) it is noticed that the curves representing 
shear strength vs. current take a different shape and that 
1 e strength of the spot weld does not increase materially 
with higher currents. This is explained by the fact that 
| the thinner sheets the current and pressure are more 
meentrated because the sheet is more easily deformed 
ena. md the weld does not grow appreciably in size as the 


urrent is increased. The strength of the spot weld 1s 
proportional to the square of its diameter. 

Figures 9 (a) and 9 (b) by Unger*® illustrate current 
shear strength curves of spot welds in several gages of 
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Fig. 9 (a)—Shear Strength Curve of Spot Welds in 16-Gage 
Steel. Unger?® 
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mild steel, a low-alloy steel and 18-8 steel. The varia 
tion in current is much more critical in its effect on the 
18-8 spot welds than it is in the other two steels investi 
gated. Because of the low electrical and heat conductiy 
ity of stainless steel, the heat generated is concentrated 
in the weld. In the mild and low-alloy steels the heat 
flows out farther into the metal surrounding the weld 
Hess and Ringer*® tested 0.029-in. thick hot-rolled, 
annealed and pickled mild steel specimens to study the 
effect of current on strength and indentation of spot welds 
Reference to the curves plotted in Fig. 10 shows that 
tensile strength falls off only slightly when the current 1s 
excessive and expulsion of metal occurs. Apparently 
then, this decrease in strength is not so sharp a criterion 
of an excessive current. The indentation curve, on th« 
other hand, shows a very marked increase as soon as the 
current becomes excessive. Thus, for about 13,500 amp., 
the indentation is only 20% whereas at 14,000 amp. the 
indentation has jumped to 10%. The optimum current, 
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Fig. 9 (d)—-Shear Strength of Spot Welds in 18- and 19-Gage 
Steel. Unger* 


SHEAR STRENGTH -LBS/SPOT 


therefore, is 13,500 amp. for '/,-in. spot welds im this 
material and the strength of a single-spot lap weld 1s a 
little less than 1000 Ib. 

A typical series of strength curves are plotted in Fig 
11 as function of current for various values of pressur¢ 
and time. The results indicate that at 15,000 psi. pres 
sure, a slightly higher strength is obtained in 12 cycles 
using about 12,000 amp. Times longer than 12 cycles are 
definitely less satisfactory since they show noimprovement 
of the weld properti« S. A time of t cycles or less was 
found to give a lower value of strength than obtaimabk 
6 cycles. A tendency for marked increase m identation 
with current as compared to the change in tensile strength 
over the same range of current is indicated by the curves 


in Fig. 12. The fact that with the in. flat tips the 
optimum currents were half those for '/,-in. spots ts m 
harmony with a previous investigation’ (for stainless 


steel) where it was found that current is proportional to 
the diameter. 

Results obtained by Dearden and O'Neill,’ Table 12 
provide several examples of different combinations of 
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° SINGLE SPOT LAP WELDS > 2 a SINGLE SPOT LAP WELDS sheal 
ANNEALED MILD STEEL 0.029" | = O ~| “anNeaceo steet 0029" n the 
Pressure “*isoooPs!. | < PRESSURE 30000 ps, | used 
TiME 6 CYCLES > TIME 6 CYCLES his res 
3 =z | 4 
used 
10 1000—, —0.5 
TENSILE a 
STRENGTH X 
8 
} 8 800 TENSILE Ip 
| STRENGTH 
6 800, 103 6 600-—: . I 
4 SPOT DIAMETER |, 4 400) 
2 200 INDENTATION. | forma 
o 1 | lg 0° mye 
10000 12000 14000 _ 16000 S000 66000 7000 Res 
CURRENT AMPERES CURRENT AMPERES 
Fig. 10—Data from Optimum Welds, Made in 6 Cycles with Fig. 12—Data from Welds Made in 6 Cycles with '/.-In. Diam. 
1/,In. Diameter Tips and 15,000 Psi. Electrode Pressure. eter Tips and 30,000 Psi. Electrode Pressure. Hess and 
Hess and Ringer”* Ringer** 
cor 
Table 12—Comparison of Welds Made With and Without Upset Pressure. Dearden and O'Neill’ 
Plate Breaking 
Thickness, Transf. Pressure, Lb. Load, Indentation, No. of \ 
In. Tap Shots Welding Upset Lb. % Porosity Splash« }- 
Vf, P.3 14 4000 8000 21,000 21 Nil 0 
P.3 14 4000 0 20,000-23,700 17-22 Slight—nil 0) 
1/, P.3 14 1000 8000 23,600 29 Nil 0 
1/, P.3 14 1000 0 22,000-24,600 15-26 Slight 0 = 
1/4 P.5 6 4000 8000 24,400 32 Nil Li 
/, P.5 6 4000 0 22,400-24,600 31-39 Slight - 
P.5 2000 6000 26,900 9.3 Slight 
3/4 P.5 4 2000 0 27,100 9.2 Moderate L 
P.5 4 1000 4000 25,300 5.3 Moderate 
3/s P.5 4 1000 0 20,700 8.5 Slight 0 1 
3/5 P.5 4 4000 0 23,700-25,500 8.2-9.3 Slight -nil 0-1 = 
3/5 P.5 7 2000 4000 30,300 16.5 Much 3 1 
3/5 P.5 7 2000 8000 32,300 15.7 Slight | te 
3/;, P.5 7 2000 0 31,700 16.5 Much 2 
3/, P.5 7 4000 0 30,250-32,000 14-19 Much 0-1 3 
*/s P.5 7 8000 0 27,200 13.5 Slight = 
Fig. 11 (Left)—Tensile Strength of Single-Spot Lap Welds 
SINGLE SPOT LAP WELD as a Function of Current for '/,-In. Tip Diameter Spot 
|200— ANNEALED Welds. Hess and Ringer?® 
THICKNESS 0.029 IN. 
_TIP DIAMETER IN. | | 
es) current, shots (timing) and tip diameter for low-carbot be 
~ | spot welds stronger than the ones shown m Tab! = 
20000 28.1, could be obtained only at the expense of deeper than || 
2 indentation which was undesirable.*”’ Thus, breaking 
w!000) S000 PS. loads of 32,480 Ib. in 4/s-in. plate, 25,200 Ib. in 
plate and 14,040 Ib. in '/,-in. plate using '/9-in. 
6 Sc tips were obtained for corresponding indentations 
4 = 33 and 26%, respectively. 
| Iylecote* tested single-spot specimens made 0! 
= pieces of mild steel bar of 1'/2- x section and 1! 
‘in length. These were overlapped 2 in. and were spot 
800- —— welded together with a single spot. The weld hac 4 
‘| diameter of 0.44 in., the depth of the indentation being 
| eet 0.163 in. on either side. The specimens were test 
CF tension the weld being in shear in a 224,000 Ib. capac:ty 
8000 12000 16000 tensile testing machine, and gave average results 
CURRENT AMPERES follows: breaking load = 11,760 lb., mean diameter 
318-s WELDING RESEARCH SUPPLEMENT JULY 19. 
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shear = 0.567 in.; area in shear = 0.25 sq. in.; 

tress 47,040 psi. The type of failure was by shear 

terfacial surface. The rating of the spot welder 

150-350 kw. The author remarked that while 

ts appear to be of the usual order for a weld of 

_a weld taken from a series would be expected 

« lower value due to the shunting effect of the cur- 

et. Neither welding details nor the composition of the 
+eel were stated by the author. 

tion Welding.—This type of spot welding is usually 

joining parts of greater thickness (*/j5 to 1 in.) 

: be welded by conventional procedure with a given 

imum power supply and welder output in secondary 

The electrodes are allowed to remain on the 

for a considerable period of time during which the 

f welding current is interrupted at certain intervals, 

¢ heat to build up between the pieces of metal.**: * 

in view of the lack of complete pulsation welding in- 

formation, A.W.S.** offers the data listed in Table 12 (A) 

a guide to satisfactory pulsation welding practice. 

Results of several spot-welded tests made by the pulsa 


tion method have been reported by Gillette* and by 
Dearden and O'Neill.2- The dimensions of the specimens, 
welding details and the results obtained by Gillette were 
as follows: (a) Lap weld 2 pieces '/4 x 2'/2 n.; 2600 Ib. 
pressure; °/s-in. diameter copper alloy electrode tip; 
35,000 amp.; 4 impulses, 11 cycles on—8 cycles off; 
two welds in tandem broke in plate well removed trom 
welds at 45,200 lb. total load. (6b) Lap weld 2 pieces 
3/, x 2 in.; 4000 lb. pressure; */,-1n. diameter copper 
alloy electrode tip; 13 impulses of power; 7 cycles on 
7 cycles off; 39,000 amp.; two welds in tandem broke in 
plate well removed from weld area at 45,300 Ib. total 
load. (c) Weld two pieces | x 3 in. using long butt strap 
1 x 3 in. lapped across two ends of other 1- x 3-in. pieces; 
one weld each piece; 11,000 Ib. pressure, 1-in. diam. cop- 
per alloy electrode tip; 34 impulses of power, 21 cycles 
on—51 cycles off, 73,00C amp. This specimen broke 1n 
plate adjacent to one weld at 97,500 Ib. total load. The 
plate material in all cases was low-carbon steel. 

The effect of increasing pulsations on the quality of 
spot welds was investigated by Dearden and O'Neill? 


nd Table 12A—Tentative A.W.S. Emergency Standard” for Pulsation Welding Low-Carbon Steel* 


NET | WELDING 
ELEG- FURRENT 
TRODE 
FORCE 


THICKNESSES 
WELDED 


TRODE DIA. & SHAPE 


45°mMayY 
BE ADDED 
FOR 
CLEAR- | 
ANCE 


7/6 


MIN. “d"21/4" 


STRENGTH 


APPROXIMATE | WELD TIME CYCLES 
MINIMUM (60 PER SEC.) 
WELD ON TIME OFF 


DIAMETER 20 CYCLES 5 
KFUSED ZONE) 


MINIMUM 
CONTRACTING 
OVERLAP 


SEE 
(NOTE 4) 


L 


NUMBER OF PULSATIONS 


SINGLE ADJACENTADJACENT 


WELD | WELD 
T-2 MIN. MAX. 
INCHES | INCHES IN. IN. INCHES 2" T04" INCHES 
1/g | 1/8 1 7/16 3/8 7/8 
1/8 | 3/16 1 7/16 3/8 
| 1/4 7/16 3/8 
3/16 | 3/16 1-1/4| 1/2 9/16 
3/16 | 1-1/4} 1/2 9/16 
" 3/16 | 5/16 1-1/4} 1/2 9/16 
| 1-1/4| 9/16 3/4, 
| 5/16! 1-1/4] 9/16 
5/16 | 5/16 | 1-1/2! 5/8 
king NOTE: 
in, TYPE OF STEEL SAE 1010 
a 2.MATERIAL FREE FROM GREASE SCALE & DIRT 
3.ELECTRODE MATERIAL — CLASS IL. 
MINIMUM CONDUCTIVITY: 75% OF COPPER 
MINIMUM HARDNESS: 75 ROCKWELL 6 
* — Approval of this code by Resistance Standards Committee of the 
American Welding Society is pending. 
ULY : 
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in '/q-in. plate containing 0.17 C, 0.51 Mn. Three 
settings giving approximately the same heat input to the 
weld, and which develop breaking loads of 20,160— 
24,640 Ib. under normal uninterrupted conditions (30 
cycles on—1 cycle off, per shot) were used. For a given 
input of heat, increasing the number of pulsations re- 
sulted in smaller welds of reduced breaking load. The 
lower the welding current the more marked was this ef- 
fect. This condition could be avoided by increasing the 
heat input in order to make up for the heat lost by cool- 
ing during each interruption, but only at the expense of 
greater indentation. Similar results were obtained with 
$/,-in. plate (0.14 C) and the authors surmised that pulsa- 
tion welding does not yield any combination of breaking 
load and indentation which cannot be duplicated under 
straight timing conditions. Dearden and O'Neill list the 
following disadvantages of pulsation welding as against 
the possible advantage of reduced deterioration of the 
electrode tips: 


(a) Slower welding rate due to increased time per weld. 


(6) Increased electricity consumption per weld. 

(c) Greater distortion of the plates owing to the extra 
heat input. 

(¢) And increased number of shots or a higher weld- 


ing current (about 50°, more than for straight 
timing) to supply the heat dissipated from the 
weld between the pulsations. 


Pressure (Net Force).—-The term “welding pressure’ 
(also referred to as ‘‘net force’’) as applied to the resist- 
ance welding process has been always interpreted to 
mean ‘“‘static’’ rather than ‘“‘dynamic’’ welding pressure. 
This interpretation is incorrect for the effective welding 
pressure is materially affected by the friction and inertia 
of the moving parts of the welding machine—hence it is 
dynamic not static. 

However, as one authority** points out, the wide 
plastic range of mild steel makes it possible to weld this 
material with a wide range of variables and for most 
practical purposes ‘“‘measurements of static pressure 
suffice as a yardstick of dynamic pressure.’’ Such pres- 
sure may be measured by air or hydraulic gages or balance 
weights. Unless otherwise specified, all references to 
pressure in this review, should be interpreted to refer to 
static pressure. 

Although there are wide differences in practice, it will 
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Fig. 13—Data from Mild Steel Welds Made in 6 Cycles with 
1/,-In, Diameter Tips at Three Different Electrode Pressures. 
Hess and Wyant!* 
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Fig. 14—Data from Mild Steel Welds Made in 12 Cycles with 
1/,-In. Diameter Tips at Three Different Electrode Pressyrec 


usually be found that the higher the pressure th: 
dependable the weld, according to Meadowcroft 

A comprehensive invéstigation endeavoring to det: 
mine the effect of pressure on the properties of si 
spot welds has been carried out by Dearden and ©’) 


Hess and Wyant'* 


The plates were '/, and */; in. thick and contained | 


to 0.17 C. Variations in pressure between 1000 and 
Ib. had no effect on the welds made with 
tips in '/,-in. plate using not less than 20,000 amp 
000 amp. per square inch). 
pressures in excess of 4000 Ib. produced weak« 
This was attributed to the increasing heat loss 

electrodes which made a more intimate contact wit 


plates at higher pressure. 
sure to plates of the above characteristics did not 


Table 1 


9 


9-11 


Below this current 


The application of ups 


duce any combination of breaking load and indent 
which could not be obtained without upset pri 


A similar investigation by Hess and Wyant 


rolled, annealed and pickled low-carbon steel, 0.0) 
in thickness disclosed that the best single-spot lay 
were made with a time of between 6 and 12 cycl 


with an electrode pressure on flat tips of 15,000 ps: 


pressure of 10,000 psi. was found, Fig. 13, to give 
what lower strength and less consistent and satis! 
operation than could be obtained at higher pr 
Although the welds at 20,000 psi. pressure were s! 
stronger than those made at 15,000 psi., this pr 
was rejected because of undue surface distort 
separation of sheets produced by extrusion. 

A pressure of 15,000 psi. was still the best ch: 
the conditions listed in Fig. 


12 instead of in 6 cycles. 


mild steel 0.029 in. thick. 
Electrodes. 


Tip Size: 


Tip diam. 
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i4, the welds Lbeimg m 
It is interesting to not 
the optimum currents are somewhat lower at the 
time (13,500 amp. for 6 cycles, 12,000 amp. for 12 « 
and that these same values were optimum!” for w: 


The 


tip diameter b« 
definite ratio to sheet thickness, this ratio being gr 
on thin sheets than on thick. 
tip size for various thicknesses of steel have, 1n ge1 
been empirical and not always in exact agreement. 
According to Leng,** tip diameter should equa! 
0.1 in., ¢ being the thickness of one sheet (mild st 
A similar formula given by Welding Handbook™ {or 
carbon steel (0.05-0.15 C) stipulates that 


= (0.1 + 2/) in. 
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other expression giving a definite relationship 
between Sheet thickness and tip diameter, and capable of 
covering the whole range of material from 0 to '/2 in. is 


offered by Tucker,” namely: 
Tip diam. = +/f or Material t = D? 
On the basis of the above formulas, in Table 13 are 


jisted the recommended electrode tip diameters for spot 
welding mild steel. 


Still 


Table 13—Various Recommendations for Electrode Tip 
Diameters for Spot Welding Mild Steel 


Material Diam., D, In 
Thickness, Leng** A.W.S.*4 Tucker*® 
In. D=16t+01In. D=2#+01In. D=vVt 
1/s 3/16 
1/, 
3, 3/, 
7/16 
2 
6 
1 5 
2 
6 3 
4 
it 16 7 
13 l i6 
4 11/,, 


Nore: Tip diameters are given to the nearest sixteenth of an 


No. of Shots 


Plate Thickness, * 30 Cycles On, 7 /3o-In 
In. Amp. 1 Cycle Off Tips 
l/s 15,000 
15,000 2 
15,000 l 5 


13,000 & 
13,000 R401 
13,000 2 7: 


11,000 
11,000 . Ns S400 
16,500 
13,300 


* Composition of s-in. thick plate: 0.18 C, 0.53 Mn, 0.052 §, 


Spot welds of maximum strength and minimum indenta 
tion can be achieved by the use of high currents at low 
current densities, and high-electrode pressures with low 
unit pressure at the tips, according to Dearden and 
ONeill? Tip diameter is not critical and considerable 
increase 1n diameter may be tolerated in service provided 
the current density is above a certain critical value for 
each diameter. Reference to Table 14 shows that the 
loss in strength due to increasing tip diameter depends 
on the current used. There appears also to be a critical 
current density for each tip, below which any further 
increase in diameter results in a drastic reduction in 
Strength. The authors found the critical current densi- 
ties with '/s-in. plate to be approximately 280,000, 140,- 
YOU and 70,000 amp. per square inch for 7/,-, ''/s2- and 
electrodes, respectively. It was surmised that 
provided these values are exceeded, then for constant 
current and timing the percentage reduction in strength 
is less than one-third of the percentage increase in tip 
diameter. Table 15 gives practical average ratios ob- 
tained with the specimens listed in Table 14. Welds 


Table 14—Effect of Tip Diameter on Breaking Load and Indentation. 


jreaking Load, Lb 
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made at less than the critical current density were neg- 
lected. 


Table 15—Relation Between Tip Diameter, Weld Area and 
Current for '/;-In. Plate. Dearden and O'Neill’ 


Tip Diam., In 


Ratio of weld areas for equal currents 1.0 0.94 O.81 
Ratio of weld areas for equal currents 1.06 1.0 0.86 
Ratio of currents for equal weld area 1.0 1.08 1.15 
Ratio of currents for equal weld area 0.92 1.0 1.06 
Ratio of current densities for equal weld area 1.0 0.44 0.22 
Ratio of current densities for equal weld area 2.3 1.0 0.5 

Ratio of tip diameters 1.0 1.57 2.28 
Ratio of tip diameters 0.64 1.0 1.45 


Hess and Wyant" using 0.047-in. automobile grade 
mild steel and '/4- and diameter tips, re 
corded marked loss of strength for a given tip and timing 
when the tip diameter is increased by these stages. The 
electrode material was a copper alloy of approximately 80 
Rockwell B hardness, 85° electrical conductivity and 
60,000 psi. elastic limit. From the values represented in 
Fig. 15 it will be seen that the percentage loss in strength 
is 1.3 to 2.0 times the percentage increase in diameter, 
despite adequate current densities. In a subsequent in 
vestigation Hess! found that the size of the best welds in 
0.029-in. thick mild steel sheet is the same as the size of 
the electrode tip—which in this particular case was ‘/, 
in. diameter. 


Dearden and O'Neill’ 


( 
Indentatio l, 


11 1/,-In In In 1/,-In 
Tips Tips rips rips rip 
10,860 9 070 , 30 7.4 
7,880 6,900 43 16 1.8 
4,930 +,.930 19 0 1 8 
8,740 7,680 55 16.5 

5,940 35 2 


$920 


0.037 P ,-in. thick plate: 0.17 C, 0.51 Mr 


Shape: 
dependent to a considerable extent on the 
electrodes to mamtain their physical properties and sur 
face contour for extended 
Changes in the contour of spot-welding electrodes and 
pick up of material being welded will affect the consist 
ency of succeeding spot welds and may be detrimental 
to their strength. 

Fassbinder*! lists the following 8 characteristics which 
an alloy must possess in order to be suitable for spot 
welding electrodes: 


The production efficiency of spot welding 
ibilitv of the 


periods during welding. 


l. High electrical conductivity at room 

2. High thermal conductivity. 

3. Low-temperature coeflicient for electrical condu 
tivity. 

4. Good mechanical properties at room temperature 
(hardness, crushing strength, resistance to weat 
and shock). 

5. These properties must be kept fairly high at tem 
perature up to 400-500" C. 
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Yield 
Composition Strength, 
Mn P Lb./In.? 
0.15 0.49 0.016 0.029 36,700 
0.35 0.50 0.013 0.027 51,000 
0.50 0.53 0.017 0.022 69,900 
0.70 0.55 0.018 0.033 103,100 


a | SINGLE SPOT LAP WELDS oO 
MILD STEEL 0047* THICK | 
| WELD TIME = 6 CYCLES (60~ srstem) 
| ELECTRODE PRESSURE 15,000 PSI = 
| FLAT TIP ELECTRODES @miameTers BELOW Qa 
Z & | * EXPULSION OF METAL STARTS 
* FAILURE BY TEARING STARTS 
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1400 —t 
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8 10 2 4 16 #18 20 22 24 
CURRENT IN KILO-AMPERES 


Fig. 15—-Data from Mild Steel Welds Made in 6 Cycles at 
15,000 Psi. Electrode Pressure Using Tips of Three Different 
Diameters. Hess and Wyant'® 


Must be easily machined. 

Must not stick to parts slightly rusted or covered 
with scale. 

Must be low in cost. 


8. 


The consensus among the users of spot welding in 
industry is quite undecided as to the relative merits of 
flat electrodes and spherical or dome-shaped tips. Ac- 
cording to Hess and Wyant" much of the preference for 
dome-shaped electrodes rests in the ease of alignment in 
the machine, as compared with flat tips. If the latter are 
not carefully aligned, burned and mishapen welds will 
result. On the other hand, the machining of flat tips is 
somewhat simpler. An experimental investigation’ 
carried out by these authors, on automobile grade mild 
steel, 0.036 in. in thickness, yielded the results sum- 
marized in Table 16. It was observed that flat areas 
began to form on dome-shaped electrodes as soon as 


Table 16—Data for Spot Welds in Auto Grade Steel. 


Hess and Wyant" 


Mechanical Properties of Weld 


Tensile Reduction 
Strength, Elongation, of Area, 
Lb./In.? % in 2 Inches % 

59,200 35 42 
83,200 27 30 
101,000 10 8 
140,500 


welding was commenced. After about 200 welds, 
diameters of these flat areas increased slowly wit! 
number of welds made. The authors indicate tha 
possibility exists that under the proper conditio: 
diameter may reach a limit and remain consta: 
subsequent welding. 

Hess found also that higher pressure densities cay 
used with dome tips than with flat tips without produci: 
extrusion between the sheets. When expulsion of molten 
metal occurs in welding with dome tips, large cavities 
are left, regardless of the pressure. 


th 


Multiple-Spot Joints 


In multiple-spot welding the spots generally are in rows 
perpendicular or parallel to the axis of loading. T| 
staggered arrangement is seldom used. It is difficult to 
distribute the load uniformly if the spots are perpendicu- 
lar to the load. 


it 


On the other hand, with a row of sp 
in the direction of loading, the spots at the end of the row 
are more highlv stressed than the spots in the middl 
the row.®: 
per spot of a multiple-spot joint always is less than th 
strength of a sing'e-spot joint is substantiated by experi- 
mental results, Table 17, obtained by Nikolaev® with 
spot-welded low-carbon steel (composition not given), 
0.14 in. thick. 

The tvpe of specimens tested by Nikolaev are shown 
in Figs. 1§ to 20. The following observations were made 
by the author: 


ts 


Johnson's* contention that the strengtl 


u 


(a) Figure 16—variation in the distance between spots 
had no effect on strength. The tensile strength 
of the joint was less than that of a single-spot- 
welded joint (see Fig. 1, Table 2, for strength 
of single-spot welds). 

(b) Figure 17—°% spots in rows parallel to axis of load- 
ing. Joints with spots welded at a distance of 
3.5d (d being the spot diameter 0.24 in 
average) between centers, had approximately 
the same strength as joints of the type shown in 
Fig. 17 but were somewhat weaker than single- 
spot joints (Fig. 1). 

(c) Figures 18 and 19—tnultiple-spot joints consisting 


* Spot diameter approximately 0.24 in. 
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Table Static Strength of Multiple-Spot Welds. Nikolaev‘ 

Specimen Type of Dimensions, In. Shear Stress, 
Designation Joint E F G R H K L M N Psi. 

2-a) (4.8 0.72 0.94 35,550 

2-b| See Fig. 16 4.4 0.67 0.72 < 34,100 

2-c ( 3.9 0.72 0.39 34,100 

2-d)} 6 1.53 0.72 sa 38,400 

3-4 z 4.8 0.6 0.6 0.6 0.6 26,500 

3-b See Fig. 17 . §.2 0.6 0.72 0.72 0.6 32,700 

3-c 5.7 0.6 0.83 0.83 0.6 37,000 

4-a — Fig. 18- 

4-b — See Fig. 18,500-28,440 

5 -See Fig. 22,750-37,000 
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Figs. 16-20—Multiple-Spot Joints Tested by Nikolaev® 


of 4 and 6 spots, respectively. As in the pre- 
ceding cases, the spots were arranged in rows 
parallel to the axis of loading. Most of the 
specimens fractured in the base metal. Failure 
in the spots occurred at very low values (18,500 
to 28,000 psi.) of stress. The spot diameters 
were very inconsistent and the results were, on 
the whole, very unsatisfactory. 


(d) Figure 20—3 spots situated perpendicular to the 


axis of loading. Tensile stress ranged from 
22,750 to 37,000 psi. The average strength 
value of these joints was comparable to that of 
specimens with 2 spots. 


Neuman and McCreery*” using mild steel sheets in 
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three thicknesses (0.0179, 0.0394 and 0.0591 in.) made 
single- and three-spot specimens, the latter being ar- 
ranged in line (presumably transversely) and in trian- 
gular formation. The strength per spot varied from 78 
to 103% of that of single-spot specimens in the case of 3 
spots in line, and from 91 to 110% in the case of 3 spots 
staggered in triangular formation. The greater strength 
exhibited by the staggered formation may be due to the 
fact that it resists bending during testing and hence there 
is a reduced liability to premature failure by tearing; 
also, because all three welds fail simultaneously when 
staggered. 

The tensile properties of multiple-spot welds made in 
0.31- and 0.39-in. thick low-carbon steel (0.16% C) by 
means of the pulsation technique were investigated 
by Gelman.** The tensile test specimen is shown in Fig. 
21 and the results are listed in Table 18. In general, the 
strength of the spots was comparable to that of the base 
metal. Defects and porosity in the weld were found to 
reduce both strength and ductility approximately 10 to 
30%. 


Table 18—Static Tension Properties of Multiple-Spot 
Welds.* Gelman" 


Type of Tensile Stress, Elongation, Reduction of 
Specimen ft Psi % Area, % 
Multiple spot{ 47,920 11.7 36.4 
63,990 8.3 30.9 
53,200 8.0 24.8 
65,980 13.3 61.4 
Unwelded 66,800 21 60 


* For welding details see Table 20. 
t See Fig. 21 
¢ Partly normalized. 


Two-spot welds made in a low-carbon steel (presum- 
ably about 0.8 C) plates, 16 gage, 14 gage or */;¢-in. in 
thickness, were tested in single or double shear by 
Hughes.'* Welding details and the results obtained are 
listed in Table 19. The author did not specify the pur- 
pose of his investigation and offered no comment on the 
recorded values. Nevertheless, the data as listed in 
Table 19 may serve as an indication of what may be ex- 
pected of welds made in sheets of the same thickness or a 
combination of thicknesses under the given welding condi- 
tions. 


Dynamic (Impact) Properties 


There appears to be no accepted method by which the 
resistance to impact of spot welds can be measured. 
This property may be of considerable importance, but it is 
difficult to test satisfactory in a practical manner. 
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Fig. 21—Multiple-Spot Weld Tensile Specimen, Dimensions in 
Inches. Gelman** 
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Table 19—Tests of Spot-Welded Specimens. Hughes'' 


} T T — 
SPECIMEN | CURRENT WELD FAILURE LOAD AT FAiLURs 
| 
| | KW | POWER WELDING | | | | 
TYP TIME OF | SIZE OF | COND. OF | VERACE 
E | CONS’D | FACTOR | CURRENT ZE O ine D.O is WELD | N PLATE | MAX | MIN. jA AGE | 
| | 3.15 SE } BUR? | 48 
- 20.3 34400 | 9000 | 3 | | FAIR Z | 88I5 | 685 
} } } } | 
- SE 20 67 | 36.00 | B600 3 | > 3520 | 699 
} | | | 
> 4° | = her | on < 
| | | 
| | | | 
| 35.33 4 | ( ) 3 
|} 45.75 66 6 84 TO | 4 3 
- 19.75 450 BS 4 3 GOOD — ? 6226 934 
| | | | | 
i5 42.00 72( 3.15 | BURNED | | B49 
397 | coon | 4 - | 13675 | 11498 
22.6C 41.00 | 6200 4 a | 4 89 
| 4 | 24 | 4 SMALL | 
+ ; + } - + + | 
| | 21.00 3900 | 8200 | 515 | voros | 2 | — 20138 


Some indication of the shock resistance has been af 
forded by Wright and co-workers" using the arrangement 
shown in Fig. 22. A number of single-spot test pieces 
were made in 7/;¢-in. mild steel plates under the follow 
ing welding conditions: */4-in. diameter electrodes, 24,500 
amp., 18 sec. The plates were welded in the as-rolled 
condition (plate-to-plate surfaces were not cleaned). 
The spot diameter was approximately 1 in. An impact 
‘blow of 1540 ft.-lb., repeated ten times, failed to fracture 
the specimen. No rupture was obtained by raising the 
energy of the blow to 1840, 2300, 2550 and 3100 ft.-Ib., 
the latter being the maximum of which the apparatus 
was capable. Comparison test pieces in which the 
plates were joined by */,-in. diameter mild steel rivets 
(put in hydraulically) either sheared through the rivet 
under blows of 1840 ft.-Ib. and 2215 ft.-lb. or broke in 
the bend in the bottom plate under a blow of 2350 ft.-Ib 


: 


Fig. 22—-Arrangement Used for the Determination of Resistance 
to Impact of Spot Welds. Wright and Co-workers" 
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Fig. 23—Spot-Weld Impact Specimens and Block. Dearden 
and O'Neill? 


The better results obtained with the last two rivets v 


attributed to the fact that these test pieces had the rivet 


holes punched instead of drilled and the rivets bul 
during riveting to a diameter of '/j. in. at the junct 
of the plate where the depressed edges of the punch 
holes leit a recess. 

Dearden and O’Neill*® tested in impact the strengt! 
spot-welds made in '/4-in. thick mild steel (0.17 ( 
The material was used in the as-received condition 
the physical properties of the plate were: yield 
35,840-39,650 psi.; ultimate stress, 58,690—-91,580 | 
elongation 26 to 30°) in 8 in.; reduction of area >!) | 
60%. The surface of the plates was cleaned of scal 
corrosion products by pickling in cold dilute acid 
specimens weie further cleaned by emery cloth lb 
welding. Welding conditions varied from 3 sh 
10,080 amp. with 7/32-in. tips to 10 shots at 17,150 
with '/,-in. tips without recourse to interrupted cum 
or upset pressure. 

The form of the specimen employed is shown 
23. The bent plate component of the weld was sec! 
to the anvil of an Izod impact machine so that the u; 
horizontal plate of the specimen could be sheared ¢ 
mically by the impact of the striker. In some « 
where a single blow was not sufficient to fracture 


weld, the energies of several blows were added togetiic! 


JULY 


| 


Ig 


MARK 
A 
B 
D 
G 
H 
J \ stk 
stat 
K 
L hat 
M il 
ther 
N 
| 
\ imps 
tire 
pact 
irea 
- 
test 
V 
Vet 
: 
2 
Tig 
| 


Total 
Transf. Cycles Ni 
Tap Amp Shots* on Bl 
S: 10,080 3 
Ss 9,850 4 120 
S 9 500 10 300 
9 500 2 360 


17,400 3 o0 
P; 17,150 120 
P; 17,150 5 150 
P, 22,750 3 90) 
P 29 G00 4 i4 
P 17,150 10 300) 9 


ling condition 1000 Ib. we 


| steady increase in impact value was observed up to a 
statie strength of 13,450—-15,680 Ib. above which a very 
id increase occurred, Table 20. The authors point out 
that this increase coincided with a rapid growth of the 
ingot portion of the weld, the size of which has a vital 
effect on the resistance to impact. It was surmised, 
therefore, that the shock resistance of a spot weld is 
st entirely dependent on the development of an 
got’ or fusion zone of adequate size within the weld 
\ccording to the authors, welds devoid of ingot have an 
impact value of about 100 ft.-Ib. per square inch of frac 
rea whereas the ingot portion of a weld has an im 
ilue of 1000 to 5000 f{t.-Ib. per square inch of ingot 
in the fracture, in propertion to the size of the ingot. 
Hence, in so far as impact value is concerned, the outer 
forming the nonfusion portion of the weld may 


lecte | 


be 
neg 

These results conform with those obtained by Unger, 
Matis and Gruca® who made impact tests on single-spot 
specimens */,in. wide and Sin. long. The plate was 
Is-gage (0.050-1n.) low-carbon steel. The specimens 
lin shear in a Richle pendulum impact machine of 
Examining Table 21 it is observed 


14 
we 


t.-lb. capacity. 


Table 21—Impact Strength of Spot Welds. 
Unger, Matis and Gruca™ 


Strength in Ft.-Lb. for Various 
Diams. of Spot Welds 
Spot Diam., In 


Impact 


r 6.0 123.5 19.3 33 
6.0 2 13.6 34 
4 6.0 2.0 19.8 be 
20 5.2 6.7 9 3 15 
2.17 
| 
| | 
| 
34 
nN 
| 
‘a 
4s 
5.9 
L a 


Fig. 24—Single-Spot Weld Mesnager Impact Specimen, Dimen- 
sions in Inches. Gelman** 
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Table 20—Impact Tests on Spot Welds* in '/,-In. Plate. 
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Dearden and O'Neill? 


Izod Impact Test 
otal Energy, Static Tensile 

of Ft.-Lb Breaking Load, 
ws Absorbed Lb Porosity 
Broken in transit +, 700 Ni 

IS Nil 

15 H,610 Nil 

8 550 Very slight 
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Fig. 24 (a)—-Multiple-Spot Weld Mesnager Impact Specimen. 


Gelman 


Dimensions in Inches 


that for a given diameter welds made with the shortest 
timing gave the greatest in pact strength lar eC 1 
mens fractured in the plat Curves representing ues 
of impact strength and elongation plotted against spot 
diameter (measured on cross sections of duplicate welds 
had a similar trend and a rapid iner¢ both imy 
value an elong ition was noted when the 1 1 ‘ 
exceeded in It was « luded that 1 it { 
the energy used to fracture the weld, energy w il 
absorbed in stretching th irent metal ( ‘ ‘ 
was a length of approximately 4 in. between th grips 
Weldu conditions conductive to1 we 


impact 


found to jeopardize thi strength more energy 
was then absorbed in stretching the ciacent parent 
metal. Calculation’ shows that Unger’s specimens had 
an impact value of 400-3200 ft.-lb. per lare inch of 
weld area (as measured), a common value being about 


1000 ft.-Ib. per square inch. 
Single- and multiple-spot welds made in 0.31- 
0.39-in. thick mild steel (0.16°7 C) bv me of the 


sation technique, were subjected to impact tests by Gel 
man.** The type and dimensions of the specimens are 
shown in Figs. 24 and 24 (a). Welding details are given 


in Table 22 where also are recorded the Mesnager values 


g 
(mkg./cm.*) obtained. Values ranging from 4.4 to 6.3 
inkg./em.* were recorded for the single-spot welds and 
2.5 to 17.5 mkg./cem.’ from the multiple-spot welds 


(Table 22). The shock resistance of the multiple welds 
were found in several instances to be as high 18.1 
mkg./cem.* The considerable scatter of values was due 
to defects purposely left in the weld so as to study their 
effect. An increase in electrode pressure resulted, as a 
rule, in higher impact strength. The latter was adversely 
affected by porosity or defects in the weld. The author 


ds 
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Table 22—Impact Properties of Single- and Multiple-Spot 


Welds. Gelman 
Thick- 
ness 
No. of of Location Mesnager 
Spot Welds ‘Plate, of Welding Value, 
in Specimen t In. Notch Data* Kgm./Cm.? 
One 0.39 Parallelto Q—6600 Ib. 4.9 
weld N—20 imp. 
t—0.45 sec. 
Fivet 0.39 Parallelto Q—6600 lb. 15.0; 4.0; 7.1 
weld N—20 imp. 
t—(). 45 sec. 
Fivet 0.31 Parallelto Q—1760 Ib. 2.8; 5.9 
weld N—7 imp. 
T—6.45 sec. 
n—41-43 
One 0.39 Perpendi- @Q—6600 Ib. 4.4; 5.0; 6.7 
cular to N—20 imp. 
weld t—0.45 sec. 
n—7 
Fivet 0.31 Perpendi- Q—1760 lb. 4.4;17.3 
cular to N—7 imp. 
weld T—6.45 sec. 
n—41—43 


* Q—electrode pressure. 

N—no. of impulses. 

7—-total welding time. 

t—duration of one impulse. 

n—no. of cycles. 

¢ Specimens sand blasted on both surfaces before welding. 
welding transformers used were 150 and 200 kva. 

Partly normalized. 


The 


surmised that the impact tests may be considered as a 
reliable criterion in judging the serviceability of spot- 
welded parts. 

Bibber and Heuschkel* obtained the impact data 
listed in Table 22 (A) for single-spot welds in different 
grades of USS Air-Ten steel (0.12 C max.) specimens, 
Fig. 25. The results seem to indicate that difference in 
grade did not influence impact value greatly and that 
change in temperature had little effect. All welds failed 
by pulling buttons from sheet. Varying degrees of tear- 


pau. Dia 


+ 
| ‘ 47 
2 | 
Fig. 25—Details of Spot-Welded Impact Test Specimen. 
Bibber and Heuschkel** 


ing occurred in one or both sheets and, according to the 
authors, the energy absorbed in foot-pounds was almost 
proportional to the amount of tearing that occurred. 
Those specimens which tore considerably gave higher 
impact values than those which tore less. The general 
welding conditions employed in these tests are given in 
Fig. 6 (0). 

Tensile Impact 


Jabotinsky* subjected to tensile-impact single-spot 
welds made in 0.032-in. thick cold-drawn, low (St 10) 
and medium (St 20) carbon steel. The tests were car- 
ried out on a specially adapted Charpy impact testing 
machine of 30 mkg. capacity. The surface of the speci- 
men was not cleaned or machined. Welding pressure 
was 660 Ib. for St 10 and 440 Ib. for St 20. The corre- 
sponding welding times were 0.25 and 0.12 sec., respec- 
tively. Comparative tests were also run with riveted 
joints (no details). In view of the results obtained, 
Table 23, the author drew the following conclusions: 


Table 23—Results of Tensile-Impact Tests.* Jabotinsky" 


Steel Tensile-Impact Valu: 
Designation Type of Joint Kgm. 
— St 10 (low C) Unwelded 13.7 
Table 22A—Tension-Shear Impact Data for Spot Welds in 
USS Air-Ten Steel. Bibber and Heuschkel** aii spot weldec 10. 86 
St 20 (medium C) Unwelded 13.2 
Riveted 4.9 
MINIMUM AVERAGE IMPACT VALUES Spot welded 6.5 
SHEET FOR SINGLE SPOTS INTENSION-SHEAR (FT-LB) © amet 
TH'K USS AIR-TEN * Specimens 0.39 to 0.98 in. diameter, 1.3-in. long parallel section. 
(INCHES) c-25 C-40 c-50 c-80 C-100 
0,004 ij | 
0.006 Sil mr | rea | The tensile-impact properties of spot welds (made 
IEICE under optimum welding conditions) are better than those 
of riveted joints. The difference in dynamic strength 
between the two types of joints decreases with increased 
0014 24) 19 23] 18 yp jo1 GECreases Witt 
carbon content of the steel. Under optimum welding 
aore | 55, 30/33] 52) Conditions, the dynamic strength of spot-welded joints 
oo20 | 67| 48) 42) 6.3) 46] 39] 56/43] 37] 52 39) 34) 36) 34 may be considered equal to that of the base metal ol 
901 32) 38] 0.85 in. in width for St 10, and 0.6 in. in width for St 20. 
Increase in welding time was advantageous in the case 
0026 10.8) 67) 79/104!) 63/74 96 74 67 89 69) 62 60; 61 55 4 
0.026 126| 10.3) 96] 122] 9.7 | 113] 66) 80 105/00] 7.4] 95] 7.0] 65 the lower Gecre d 
0.030 14.5 11.9] 116 fiat [163 [108 99] 94 122/91] 75 of pt 20. n all cases, fracture occurrea 
in the base metal. 
0.040 | | In connection with their investigation on effect ol 
004s | automatic tempering of spot welds (see section on Heat 
0.080 | . Treatment), Hess and Herrschaft* also conducted ten- 
sile-impact tests. Single-lap shear specimens of S.A.P. 
OF SHEETS 25,000 40,000 $0,000 60,000 100,000 9) ~ 1-4 
aaa 1020, 1035 and 1045 (composition given in Table 2 
@ ALU WELOS FAILED BY PULLING BUTTONS FROM SHEET were tested in a pendulum—type machine adapted w ith 
sheet tension grips. The latter were of sufficient size to 
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.commodate '/,in. thick, 2-in. wide specurens. The 
Table 24, reveal that significant improvement in 


Table 24—Tensile-Impact Results for Spot Welds. 
Hess and Herrschaft” 
Steel Impact per Spot, Ft.-Lb. 
Grade* As-Welded Heat Treated 
S.A.E. 1020 6.5-8. 14.5-16.0 
SAE. 1035 3 21.0-22.0 
5.A.E. 1045 1.5-2.0 11.5-13.5 


Composition given in Table 25. 


the shear impact strength of spot welds is possible with 
the tempering treatment, the ratio of im prover_ent vary- 
ing from about 2 to more than 8, as the carbon content 
increases from 0.2 to 0.48%. 


Fatigue 

The only fatigue data on spot-welded rrild steel have 
been reported by Klosse.* He investigated patented 
double-ribbed plates (composition not given), Fig. 26, 
made of two cupped plates by spot welding. Plates 6 
in. wide and 0.0395 in. thick were subjected to reverse 


0°00 
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Fig. 26—Double-Ribbed Plate Made by Spot Welding. Klosse* 


bending over a span of 22 in. by means of an electro- 
magnet. The plates were vibrated at a frequency of 
80 cycles per second. The deflection in the center of the 
mid-span of the plate and the number of cycles to cause 
rupture were recorded. Special care was taken to avoid 
buckling. The height h, Fig. 26, was 0.32 or 0.48 in. 
Upon a criterion of more than 6 million cycles the plate 
of 0.32 in. height could with stand a deflection equivalent 
to that produced by a load of 92 Ib., and the plate of 
0.48 in. height to that of 166 Ib. Direct comparison 
with unwelded plates was impossible; however, by com- 
puting it was found that due to the increased rigidity the 
fatigue resistance of the double-ribbed welded plates 
was five to six times greater than the fatigue resistance 
of two unwelded plates of equal thickness. 

The relationship (Fig. 27) between yield strength and 
endurance limit of spot-welded USS Air-Ten steel sheets 
(0.12% C max., 0.018 in. thick) was reported by Car- 
negie-I]linois Steel Corp.* for simple box girders of the 
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Fig. 27—Relationship Between Yield Strength and Endurance 
Limit of Spot-Welded Sheets. Bibber and Heuschkel** 


type shown in Fig. 27. The specimens contained about 
200 spots ('/2 in. spacing) and welding was performed 
with a spot welder of 50 kva. capacity at 440 v. From 
the plotted data it is seen that the maximum spot- 
welded endurance limit is reached in the ‘‘C-80"’ grade 
steel (80,850 psi. yield strength, ultimate 
strength, 6.25% elongation in 2 in.) and that fatigue 
strength falls off with a 7p nal increase in yield strength. 
A comparison of the “‘C-80”’ spot-welded specimens with 
those of the same Ales base metal disclosed that spot 
welding had reduced the endurance limit to slightly more 
than half the virgin base metal. 
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Fig. 27 (a)—Details of Fatigue Specimens. Bibber 
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Table 25—Chemical Analyses and Physical Properties of Steels Used by Hess and Herrschaft” 


Grade ———~Ladle Chemical ses— 
Steel Mn 


-E. 1020 0.46 0.06 
-E. 1035 0.79 0.01 
-E. 1045 D. 0.79 0. 


8 0.025 
2 0.026 
009 0.022 


Properties —— 

Yield Ultimate Elonga- A.S.T.M 

Point, Strength, tion in Grain 
Psi. Psi. 2In.,% Size 

46,000 66,000 2! 

57,000 87,000 ‘ 9-10 

70,000 110,000 
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Heat Treatment 


Hess and Herrschaft” carried out a thorough experi- 
mental study to determine the effect of automatic tem- 
pering (within the spot-welding machine) for the steels 
listed in Table 25. These materials were supplied in the 
hot-rolled condition with a commercially pickled surface. 
Prior to welding the material was degreased in a tri- 
chlorethylene vapor tank. Shear strength specimens*! 
were made by welding together two pieces of stock 1 x 4 
in. with a l-in. overlap and single-spot weld placed at 
the center of the overlap. Also U-type tensile specimens! 
were employed. These were tested by bending them 
around a properly shaped 2-in. square die, and attaching 
them by means of a 1'/:-in. through bolt. The die was 
then suspended in the testing machine for pulling. 
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Fig. 28—Effect of Heat Treatment on Static Properties of Spot- 
Welded S.A.E. 1020 Steel. Hess and Herrschaft*’ 


The results obtained in this investigation as sum- 
marized in Figs. 28, 28 (a), 28 (b) and Table 26 permit 
the following observ ations and conclusions. 

(a) S.A.E. 1020 Steel: A study of the times of heat 
treatment between 2 cycles and 20 cycles indicates, Fig. 
28, that the full benefit of the tempering cycle could be 
obtained in as little as 2 cycles but at the expense of about 
30% more welding current than with a 6-cycle heat treat- 
ment. The graph plotted in Fig. 28 shows further that 
for the steel in question, the as-welded U-strength rises 
from 360 Ib. to about 1200 Ib. and the shear strength from 
1550 Ib. to approximately 1720 lb. when the spot welds 
are tempered. Tempering reduced the as-welded hard- 
ness of these welds from the vicinity of 300 Vickers to 
about 250 V.P.N. Observing that the time of tempering 
was not too important or critical, the authors determined 
that 16 cycles gave best results with 6-cycle welds and 
6-cycle heat treatment. The ratio of heat treat to weld 
current required to produce the best tempered spot welds 
was between 84 and 92%, the max. U-strength (1150 Ib.) 
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Fig. 28 (a)—Effect of Heat Treatment on Static Properties of 


Spot-Welded S.A.E. 1035 Steel. Hess and Herrschatt 
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Fig. 28 (b)—Effect of Heat Treatment on Static Properties 0! 
Spot-Welded S.A.E. 1045 Steel. Hess and Herrschaft”’ 
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being obtained at 88% and max. shear strength (about 
'730 Ib.) at 84%. The most effective tempering was 
‘ound to occur at a value of heat treatment which is just 
below that required to produce reaustenization. This is 
in accord with good metallurgical principles. 


Table 26—Summary of Test Results for Spot Welding S.A.E. 
1020, 1035 and 1045 in the 0.040 In. Thickness. 
Hess and Herrschaft*’ 


Shear Strength 

per Spot, Lb. 
Grade* Heat 
As-Welded Treated 


U-Strength per 
Spot, Lb. 
Heat 
Treated 


As-Welded 


Steel 
1020 1500-1600 1650-1750 350-370 1100-1200 
SA.E. 1035 1200-1260 1900-2000 210-250 600-700 
SAE.1045 870-890 2450-2550 80-120 800-900 


* Composition and physical properties listed in Table 25. 


b) S.A.E. 1035 Steel: In view of the fact that higher 
carbon content lowers the martensite-forming tempera- 
ture, longer quenching time was necessary between weld- 
ing and heat treatment for this steel, in order to allow 
the molten weld to cool to the martensite-forming range. 
From the results as shown in Fig. 28 (a) it appears that 
contrary to previous experience, the full benefit of heat 
treatment in improving the U-strength is not secured 
until a time of 6 cycles is used. It is noted Fig. 28 (a) 
that there was a significant improvement even in shear 
strength when the carbon content reaches 0.31%, as in 
this steel. With a 6-cycle heat treatment, the as-welded 
shear strength of 1230 Ib. was improved to about 2000 
lb. while the U-strength was increased from 230 Ib. to 
slightly more than 600 Ib. Having established the fact 
that a 6-cycle heat treatment with 20 cycles between weld 
and heat treatment would give excellent results, the 
wuthors determined that the maximum benefit from 
tempering under specified conditions of weld and heat 
treatment current must be between 88 and 94% of weld 
current. It was necessary, therefore, to control the cur- 
rent for tempering within narrower limits for S.A.E. 1035 
steel than for the lower carbon S.A.E. 1020 steel. Maxi 
mum shear strength (1970 lb.) was attained at a heat 
treatment ratio of 90°), the peak U-strength value (680 
lb.) being obtained with a ratio of about 92%. 

¢) S.A.E. 1045 Steel: In Fig. 28 (b) is illustrated 
the relative strength of spot welds in S.A.E. 1045 steel 
made under conditions of different times of heat treat 
ment and 25 cycles between welding and heat treatment. 
For this steel (0.48% C) tempering raised the shear 
strength from 900 Ib. to nearly 2300 Ib. and the U- 
strength from about 100 Ib. to more than 900 Ib. This 
indicates a remarkable increase in toughness for spot 
welds in this relatively high-carbon steel. Due to tem- 
pering, hardness was reduced from 750 Vickers to less 
than 400 Vickers. The minimum time which must be 
allowed between welding and tempering was found to be 
22 cycles. This is longer than the. time required for 
5.A.E. 1020 and S.A.E. 1035. As in the previous cases, 


a definite minimum (but no critical maximum) time 


between weld and heat treatment was established. 
Further study revealed that a heat-treatment current 
between 85 and 90% of the weld current would give 
optimum tempering results. The highest U-strength 
value (900 Ib.) was obtained for a heat treat to weld 
current ratio of 90%; the maximum shear strength 
2530 Ib.) being attained at SS°%. 

The summarized results, Table 26, indicate that the 
shear strength of $.A.E. 1020 steel may be increased by 
10%, of S.A.E. 1035 by 70% and of S.A.E. 1045 the shear 
strength may be nearly tripled by tempering. With this 
treatment the U-strength may be tripled in the two 
lower carbon steels and may be increased almost 10 
times in S.A.E. 1045. The results further show that 
whereas a significant improvement in the toughness of 
spot welds is obtainable when the carbon content is as 
low as 0.2%, considerably greater improvement in tough 
ness results in welds of higher carbon content. There 
fore, steels with carbon content of the order of 0.48°7 
can be successfully spot welded when the tempering 
cycle is included. 

The effect of normalizing at 930° C. of single-spot 
specimens in mild steel (0.14-0.17% C) '/4 in. thick, 
was to depreciate the quality of the weld by reducing the 
average breaking load about 25%, according to Dearden 
and O'Neill.?- The extension was reduced pro rata. An 
explanation of the above effect may be found in the re 
ported decrease in diamond hardness of the ingot from 
200-230 to 120-130 HD due to the normalizing treat 
ment. 

The effect of reheating spot welds in 0.2-in. thick sheets 


containing 0.08, 0.42 and 0.83% carbon (Table 27) has 
been studied by Mallory and Co.'* The welding condi 
tions and the results obtained are listed in Table 28 


The authors observed that if a steel of too high a carbon 
content is bemg used, the sudden heating and cooling 
during spot-welding operations may cause hardening 
effects, and therewith embrittlement of the welded zone 
and the area just adjacent to the welded zone. Prompt 
and careful annealing, the effects of which may be 
simulated by using very long welding periods and rela 
tively low current is recommended for welding high 
carbon steel. 


Hardness 
A hardness survey was carried out by Tylecote* on 
single-spot-welded specimens described in section on 


le using 


Impres 


Time, Current and Indentation. <A Brinell machu 
1-mm. ball was employed with a load of 30 kg. 

sions were made in a series of rows running across the 
weld at intervals of 0.12 in. Referring to Figs. 29 and 30 
it is seen that in the fused central zone, the hardness is 
about 155, that is, about 35 points above that of the 
normal material. The intermediate zone (ferrite) is 5 
points softer than the central zone and, according to the 
author, it appears that local softening has taken 
in the vicinity of the electrode impressions. Indications 
of hardening are found also in the normalized areas on 
either side of the weld zone, the value being 120 to 130 


Brinell. 


place 


Table 27—Chemical Composition and Physical Properties of Steels Investigated by Mallory and Co.'" 


Designa- 
tion of ——_——_-——— Chemical Composition—— 
Steel Cc Si Mn S 
1 0.08 0.34 0.23 0.006 
4 0.42 0.26 0.48 0.002 
8 0.83 0.30 0.22 0.009 


RESISTANCE WELDING CARBON STEELS 


— Physical Properties—— 


Elastic Tensile 
Limit, Strength, Elongation, 
P Psi. Psi % 
0.007 44,500 59,000 19.2 
0.007 58,000 90,000 25.7 
0.010 134,000 13 
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Table 28—Shear Strength of Reheated Spot Welds* in 0.2-In. Thick Steelt Mallory and Co.' 


tion of As-Welded Reheated to 27.5 Kva. Reheated to 36.7 Kva. Reheated to 50 K va 
Steel RPt RES RPt RES RPt RES RPt 
62,000 87,000 54,000 65,000 
4 37,000 50,000 49,000 66,000 66,000 84,000 47,000 5 
Ss 8,500 10,800 21,500 31,000 31,000 34 
* Welding conditions: Time, 0.02 min.; electrode cross section, 0.122 in.?; pressure, 970 lb. = 7900 psi. All specimens w 


ground before welding. 
tT See Table 27 for chemical composition of steels. 

total load in shear , 

{RP =- psi. 
cross section of spot measured after shear 

total load in shear 


§ RE = - — , psi. 
cross section of electrode 


Diamond hardness impressions were made by Wright” 
on forged-spot welds (see section on Impact Properties) 
in */s-in. thick mild stee] plate which had been compressed 
after welding between clamping platens. The latter was 
at a temperature of approximately 100° C. The fusion 
zone of the weld gave values of 160 to 190 D.P.H. with 
segregation areas giving high values from 220 to 250 
D.P.H. With gradual transition from the original plate 
through the heat-affected zone, the values varied from 
about 130-150 to 170-190 D.P.H. adjacent to the fusion 
zone. In the regions at the extreme edges of the heat- 


affected zone toward the outside plate surfaces, hardness 


varied from 180 to 210 D.P.H. 


1604 60 99 -, 196 1930) \ ou 
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Figs. 29 and 30—Hardness of Spot Weld in Mild Steel. 
Tylecote* 


Metallography 


The microstructure of spot welds made in 0.029-in. 
thick mild steel specimens has been studied by Tylecote,’ 
Fig. 31, and in 1/,-in. plate by Dearden and O’Neill.? 

Tylecote’s specimens were welded with a machine 
having a rating of 50 kw. and with a current of 13,000 
amp. (other details not given). Referring to the inner- 
most zone, Fig. 31, a typical columnar structure can be 
seen to originate on the interfacial plane growing out- 
ward. Surrounding this is a darker zone which attains 
its maximum width (0.028 in.) between the electrode 
impressions. It gradually diminishes in width until it 
reaches its minimum at the interface. This zone was 
found to consist of fairly pure ferrite and oxide inclusions 
which indicates that it has been decarburized to a con- 
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Fig. 31—-Microstructure of Mild Steel Spot Weld (x 2). 
Tylecote® 


siderable extent during welding. The (outside heat 
affected) zone showed no specially marked structural 
changes but showed a gradual transition through the 
overheated and normalized stages due to the tempera- 
ture gradient prevailing in the weld. Figure 32 shows th 
well-defined boundary between the ferrite and the den- 
dritic structure of the weld zone. The boundary of the 
ferritic zone (nearest the electrode impression) is not 
nearly so wel defined and tends to lose its identity in the 
region of the interface. 

The features observed by Dearden and O'Neill? on th: 
polished and etched sections of several spot welds were 
similar to those recorded by Tylecote.® 

Figure 33 shows photomicrographs of spot welds mac 
by Hess and Wyant" in 0.047-in. mild steel (welding 
details given in section on Machine Settings). Photo 
micrograph A (Fig. 33) reveals the interior colummai 
structure surrounded by the typical three heat-affected 
zones. This structure is more clearly defined in photo 
micrograph Fig. 33 (B) which was made in 12 cycles 
The authors observed this to be a general characterist 
for 6 and 12 cycle weld times. At a pressure of 20,000 


Fig. 32—Boundary 0° 
Ferrite and Fused Zone 
125). Etchant 4% 
Alco. Nitric. Tylecote’ 


JULY 


| 
— 
| 
fms 
- 
> 
tt 
~ 
i 
: , 
th 


leat 
tural 
the 
eTa- 
the 
den- 
the 
not 
| the 


les 
sts 
O00 


Fig. 33—Spot Welds in 0.047-In. Annealed Low-Carbon Steel. 
Hess and Wyant'* 

A, characteristic heat zones around 6-cycle weld (15,000 psi.) at 
35 x; B, clearly defined structure of 12-cycle weld at 35 x; 
C, extrusion between sheets with 20,000 psi. electrode pressure 
(12 cycles) at 75 x. 


lb. serious distortion and separation of the sheets oc- 
curred due to the fact that the metal in the completely 
transformed zone (the region of plastic austenite) had 
been extruded by this high pressure between the sheets. 
See Fig, 33 C). 

Effect of Porosity 


_ In general, porosity is an undesirable feature in weld- 
ing. The degree to which it affects the strength of welds, 
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however, does not appear to have been definitely estab- 
lished. 

Dearden and O’Neill* obtained the results listed in 
Table 29 for single-spot welds made in low-carbon steel 


Table 29—Effect of Porosity on Static Strength of Spot 
Welds. Dearden and O'Neill? 


Degree of Porosity 


Average Nominal Breaking Stress, Psi. 
as Recorded 


1/,-In. Plate '/,-In. Plate 4/s-In. Plate 
Moderate or consider- 35,170 (7)* 43,460(15) 43,460 (24) 
able 


Very slight or nil 33,330 (11) 37,630 (9) 40,990 (20) 


* Figures in parentheses indicate number of specimens taken in 
computing the average. 


plates (0.17-0.18% C) of different thickness. The 
apparent anomaly in the results (the porous welds were 
stronger than the nonporous) is explained by the fact 
that most extensive porosity was found with higher heat 
inputs, and such welds were strong simply because of 
their large size. The authors found also some evidence 
that upset has a tendency to reduce porosity in the weld 
(see Table 12) but that this brings no increase in strength. 


Corrosion Resistance 


Practically the only information on the corrosion of 
resistance welds in mild steel is given by Rawdon and 
Waldron.* Flash and resistance butt-welded 2-in. open- 
hearth steel pipes (*/,6 in. wall thickness), containing 
0.1 C, 0.4 Mn, 0.1 to 0.3 Cu, were subjected to continuous 
flow corrosion tests in softened and unsoftened tap water 
for 6 weeks. The flash welds were planished off inside. 
The corrosion of the specimens was uniform and there 
was no preferential attack at the welds. 

Willoughby® describes the satisfactory service, es- 
pecially in respect to corrosion, given by a spot-welded 
freight car in operation from 1911 to 1927. No trace of 
rust was observed by Helsby*' in spot-welded black sheet 
partitions (mild steel) after 30 years of service in a London 
hospital. 

Bodiansky*? found that rust between spot welds in 
mild steel sheet can be prevented by painting the sheet 
beforehand with red lead. The sheets are spot welded 
before the paint is hard (6 to 12 hr. after painting), the 
electrode pressure forcing out the paint. 


Design Formulas 


The strength of any spot bond depends on the unit 
strength and dimensions of the bonding body as well as 
on those of the parts joined at the point of the bond. 
In case of a spot weld, the strength of the bond is a func- 
tion of the spot-weld diameter, its unit strength and the 
thickness and unit strength of the sheets joined. The 
approximate strength of any spot weld in these terms is 
given by Mikhalapov“* and Briggs,** by the following 
formulas, when the spot is stressed in ordinary lap shear: 

(1) 
and 
dntT ,k 
where 
d = diameter of spot weld 
T,, = tensile strength of weld metal in shear 
= thickness of the thinnest stressed sheet in the 
joint 

T, = tensile strength of the parent metal in tension 

k =constant, expressing the annealing or air- 

hardening effect of the heat of the weld on the 
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parent metal immediately adjacent to the ~ ; — 
weld Table 30—Calculation of Breaking Load. Table < 
Formula 1 holds until the parent metal around the arden ane OEE 
weld fractures, and formula 2 applies after the parent Plate Tip 


metal around the weld fractures. The critical diameter — 
at which the parent metal fractures is then given by the a ; ee “rae 
following relationship: 1/, 12(D)? 1220 Ib 
1 2 14(D)* | 
a, (3) V/s + 2240 Ib 0 
VN 
A family of curves plotted in accordance with the above */s /s y * 3460 Ib (0030 
formulas is shown in Fig. 34 for auto steel and 18-8 ’ 5 040| 
steel of several thicknesses. The parabolic curve, repre- D = diam. of heat band oso| 
senting the strength of any weld failing through shear VN = no. of shots. ead 
in the plane of joint, was obtained by multiplying the 0060 
area of the weld in the plane of joint by the shear strength \0080_ 
of the weld metal. The family of straight lines departing ; ; 00 
ding > 5 Practically all factors governing spot welding ar, 10.098 


from the parent curve represent failures around the peri 


equally app to ( weldir 10109 
the weld. They are a function of the thickness of the atest A 1 led 
sheets joined and of the tensile strength of the parent ti whi 
metal immediately adjacent to the weld. According to and pr 
? tremely clean and uniform welds, according to Mallett : 
the authors,” for most steels the factor k, which gives 
scale usually to ( Tace and 
ar = as below the surface of sheet metal must be removed 
parent metal, does not vary more than + of unity, 
‘sistance O $Caie 18 a Vari > Que 
the most common value applying to all mild carbon steels; 
being around 0.95 ee: fore objectionable when attempting to produce exact 
ditions. This is so because the quantity of heat pr 
Briggs** gives the following expression for calculating. > 
the rupturing force to tear the weld: in a given time 1s dependent upon the value of the curre: Gil 
I . ‘ and resistance, in the proportion of the current? tiny in il 
F rdTS, the resistance. Any form of rust or surface oxides wil! weld 
4 prevent successful seam welding.*:” prop 
A tentative emergency standard of the Am = 
where WELDING Society specifies the conditions listed in | side 
S, = max. allowable tensile stress 31 for the seam welding of low-carbon steel S.A.] mat 
T = thickness of the sheet hese data are intended lor pressure-tight seam Wweid! md 
d = spot diameter and therefore give welding roll width instead of elect: pipe 
a ; diameter. Other pertinent facts regarding the 
lhe number of spot welds required to support a given use of these data are stated in the footnote of Tab! , 
load may be calculated by the following expression which ‘ 
_was derived by Neuman and McCreery.” Results of Tests 
, P While no satisfactory method for testing the streng wel 
S SwtwaxwN of seam welds has been developed, the usual proc: ine 
to cut coupons from lap welds which may bi pull the 
where tension-testing machine. A satisfactorily madi 
6 stress in psi weld has, as a rule, more strength than the par 
> x ttl fo providing the weld itself is at least one and 
saeict I thicl ness of single sheet times in width the thickness of the material. 
d = mean diameter of spot-weld button ; 
N number of welds f Ts 
2 E EEL - 46 eu / 
Taking the value of 50,000 psi. as average for mild 3-QneaUTo sree. -4e800 we 
steel, the above formula resolves itself into P = 100,000 “172,000 
xt d. 2, 270.040 18-8 STEEL- 96,00 / pre 
The diameter of the heat band or ring of temper colors y sy 
surrounding a spot weld may be used to calculate the 2,000 / 
approximate breaking load provided the welding condi- 7 i / 3 
tions are known. In this connection, Dearden and 
O’Neill® evolved the relationships listed in Table 30 for wv / bg 4 
single-spot welds made under 30 cycles-on to 1 cycle-off g i, i 
conditions. The heat-band diameter was found to be 
independent of tip diameter in '/,-in. mild steel plate * | on, 
(0.18% C) and application of expression 2 in Table 30 800 | a 
into a few welds made in '/4-in. plate (with and SPOT WELD STRENGT 
in. diameter tips) suggested the same conclusion, accord- SWEAR STRENGTH -ROW SPACIM 
i OVER SOK METAL THICKNE S' an 
ing to the authors. 
004 008 ai2 a6 020 aze aze 
Seam Welds WELD DIAMETER -menes 
Fig. 34 —Spot-Weld Strength of Auto Grade Steel and 18 © 
General Conditions for Quality Welds Steel. Mikhalapov and Falls** 
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Table 31—Tentative A.W.S. 


Carbon Steel* 


Emergency Standard*’ for Seam Welding Low- 


All failures were in material inside of 
weld line. 


THICKNESS | ROLL WIOTH MET on RECOMMENDED | MAX, | WELDS | APPROXimATE| MINIMUM Projection Welds 
T SHAPE ROLL Time OFF TIME WELO!| PER CURRENT OVERLAP 
FORCE (PRESSURE |SPEEO| incr 
CYCLES Not all metals can be welded by 
| |oace we _ POUNDS _ CYCLES AMPERES | INCHES projections as the metal must be 
foo | 32 400 2 80 | 15 8000 strong to the emboss 
Y, ment. un steel sheets are more 
0020/26 | Li readily spot welde d than ction 
0030 | 22 Alfa 700 3 2 72/0 13000 Za welded due to the difficulty of main 
0.040/ 20 A\lA 900 3 3 67/9 15000 % taining exact and small projections in 
0050/18 | A|% | 1050 4 3 65 | 8 16500 this material.” 
0060} 16 Kwik i200 4 4 63 7 17500 \ Ww ol held of succe 
lul apphcation of the projection weld 
3 5 "fh, 
0080 800 25 1 12000 ing method, the reviewers were sur 
0.094; | % | 1700 6 50 | 5.5| 20000 prised to find only one investigation 
0109/12 | A} A | 1950 9 6 48) 5 | 21000 | in the published literature which 
5 | | | 2200 i 7 45 | 4.5] 22000 deals with plain carbon steels 
OF STEEL SAE 1010 \ ) Results of Tests 
MATERIAL FREE FROM GREASE, SCALE,& DIRT. 
3 DATA FOR TOTAL THICKNESS OF PILE-UP NOT : ; 
some of the factors affecting the 


exceeone 
4 TwICKNESS OF THINNEST OUTSIDE PIECE ~ 
OE TERMINES WELDING CONDITIONS 
ROLL MATERIAL 
«<CONDUCTIVITY- 75% OF COPPER. 
VINIMUM HAROWESS- 756 ROCKWELL. 


SHOULD BE 


Gillette*® provided the following examples which give 
in indication of the strength characteristics of seam 
welds. Test pieces were made, Fig. 35, to establish 
proper technique for welding 0.020-in. low-carbon steel to 

»in. low-carbon steel, 0.020 to 1 in., 0.020 in. to both 
sides of 2 in. and 0.020 in. to both sides of 4in. The thin 
material was all welded to the thick in the flat condition 

samples were tested to destruction by attaching a 

pipe nipple over a hole in the thin piece and applying 
raulic pressure. A synchronous electronic inter 
rupter was used to make all welds and a continuous flow 
vater was used over welding wheels and work. The 
are recorded in Table 32 where also are given the 


welding conditions. Failure occurred inside of the weld 
line in all cases and was typical for this type of test where 
the material shears due to the abrupt bend at the inside 


weld line 
the use of a seam welder built with an intermittent 
so the wheels would travel a fraction of an inch and 
) while several impulses of power were applied, then 
nce a fraction of an inch and repeat several impulses 
1 power, Gillette made satisfactory welds on two pieces 
steel and */s in. thick. The samples were 
welded flat, tested at 80 lb. air pressure and found to have 
n0 leaks (exact welding technique not given). Water 
pressure tests yielded the following results: 


s-in. sample 6 x 11 in. failed at 1400 psi. 
in. sample 12 x 12 in. failed at 2200 psi. 
sin. sample 12 x 12 in. failed at 4500 psi 


Pres 
sure, 

rhickness of Welded Plates Width of Plate Lb 
0.020 to '/s in. 1/, in. thick = 3 in. 1040 
Y.020 to 1 in. 1 in. thick = 3'/, in 1040 
0.020 in, on each side of 2 in 2 in. thick = 4 in 810 
0.020 in. on each side of 4 in. tin. thick = 2 in 810 
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FOR LARGE ASSEMBLIES 
OVERLAP _ INDICATE 


Table 32—Strength* Characteristics of Seam Welds. 


* Before testing to destruction, all samples were tested with 80 psi. air pressure with no leaks in any case 


RESISTANCE WELDING CARBON STEELS 


Strength and ductility of 


INCREASED 30% welds have been studied by Os 
wald.” ‘Tensile specimens were made 
of two pieces of hard cold-rolled 


‘ 
Fig. 35--Four Seam Welds. 0.020 to In., 0.020 
0.020 In. Each Side of 2-In., 0.020-In. Each Side of 4-In. Stee! 
Failed at 700, 500, 500 and 1300 Psi. Respectively, Water 
Pressure. Gillette 
strip steel (S.A.E. 1010) each wide if] 
thick and Gin. long. These were lapped with a 1-in. lap 


and a single weld was placed in the center of the lappe: 


section. The strips were held in a jig to secure correct 
ilignment while being welded. A series of specimens 
was welded using projection heights of 0.010, 0.020, 0.030 
and 0.040 in. keeping the diameter constant at in 


Gillette™ 


Welding Details 


Wheel Water | ire 
Speed, Cycles Current, Required to 
In./ Min On Off Amp Cause Failure, Psi 
16 13 19 12,960 700) 
16 13 10 13,700 R00 
16 13 10 14,280) SEW) 
16 13 10 14,280 1400 
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The machine used in welding these specimens was of 150 
kva. capacity. Pressures of approximately 50,000 psi. 
were necessiry to properly forge the smaller projections 
as compared with pressures of about twice that value for 
the larger projections. The transformer was arranged 
to give 64 steps for current control and it was found that 
time values of 16-32 cycles gave the best results. Cur- 
rent values were adjusted to heat the work as hot as 
possible during this time without marring the work. 
The results of the tensile tests are given in Table 33. 


Table 33—Static Properties of Projection Welds. Oswald“ 
Height of projection, in... . 0.040 0 030 0.020 4 010 
Diam. of projection, in 1/, 1/, 
Average weld strength, lb.... 5300 4980 4500 La 
Variation below average, %.. 5 5 11 6 
Area of weld, in.*........... 0.188 0.166 0.160 0.131 
Weld stre — per unit of area, 

27,700 30,000 28100 29,000 


A study of the results on the basis of comparable weld 
areas seems to indicate that the strength of the weld 
depends upon the effectiveness of the grain growth and 
recrystallization across the joint of the weld. According 
to the author, the size of the area covered by this grain 
growth and recrystallization is the most important factor 
in determining the strength of the weld. Another series 
of tests showed that increasing the diameter of the pro- 
jection from !/s to */s in. (other conditions remaining as 
before) increased the strength of the entire weld but re- 
duced the weld strength per unit of area. Further tests 
revealed that the weld strength increased with the heat 
used and that lower pressures could be used with the 
lower projections of diameters of sufficient size to result 
in welds of equivalent areas and strength normally char- 
acteristic of the higher projections with consequent 
higher pressures. 

Thinner stock of 0.05, 0.062 and 0.072 in. thickness 
was used by Oswald to determine the ductility of welds 
resulting from the use of the 0.010- x °/3-inch type of 
projection. The specimens consisted of two pieces of 
S.A.E. cold-rolled strip steel, hard temper, !/2 in. wide by 
2 in long, welded in the form of +, with the weld at the 
center of intersection of their longitudinal axis. After 
welding, these specimens were tested in a torsion machine 


in a fixture made in the form of a Hooke’s joint, » 


2 Ing the 
welded specimen for a connecting member. Th, decree 
of twist was taken as the criterion of oe r duc. 
tility. In view of the results obtained, Table °}4, {}, 
author surmised that large variations in carbon cont, ut 
as well as drastic treatments (heating and quenching 
after welding) would tend to reduce weld strength duc. 
tility. The plated specimens were found to likewise 
affect ductility. 

Resistance Butt Welds 
Effect of Plate Composition 
Fiichsel*® found that carbon content up to at least 
0.30% had no effect on resistance butt welding of plain 


carbon steels and in Burton’s*® tests (no details resist. 
ance butt welds in steels containing up to 0.65 C had the 
same strength as unwelded bar. Above 0.50 C, failures 
occurred in the weld only with slight elongation. The 
absence of burning in high-carbon resistance butt welds 
in contrast with forge welds was attributed to the short 
duration of welding and to the working of the steel under 
the welding pressure. Burton“ did not believe that the 
carbon content of resistance welds differed from un 
affected metal and attributed the peculiarities of micro- 
structure in resistance-welded high-carbon steel to the 
appearance of troostite. 


Tensile Properties 


A locomotive boiler tube 8 in. long, 1"/j5 in. O.D., 12 
W.G. resistance butt welded in the center (no details 
was tested in tension by Hadley.** The tube was sawn 
longitudinally into four strips, and three of these strips 
were submitted to tensile test which gave the following 
results: breaking load = 5300 to 6025 lb.; breaking 
stress = 48,800 to 50,000 psi.; elongation = 8 to 10°, 
2in. The area of the strips varied from 0.109 to 0.120 
sq. in. In so far as none of the specimens fractured 
through the weld, it was assumed that the weld was 
stronger than the tube. One of the specimens which 
broke near the grips was reduced in section at the weld 
and retested with the following results: breaking load = 
4930 lb.; breaking stress = 52,400 psi.; elongation 
12% in 2 in. (area 0.094 in.”). In this particular case th 
test piece broke through the weld. Further experiments 


Table 34—Strength Values for Projection Welds Given in In.-Lb. at the First 5° Deflection, Then the Maximum In.-Lb. 
Reached and the Deflection at Which It Was Reached. Oswald” 


Lb. 
Pres- 
Material Cycles Heat sure 
0.062 In. (S.A.E. 1010) C.R.-Hd. 16 28 900 
0.062 In. (S.A.E. 1010) C.R.-Hd. 16 28 1000 
0.062 In. (S.A.E. 1010) C.R.-Hd. 32 27 800 
0.062 In. (S.A.E. 1010) C.R.-Hd. 16 27 800 
0.062 In. (S.A.E. 1010) C.R.-Hd. 32 2 700 
0.062 In. (S.A.E. 1010) C.R.-Hd. 32 24 600 
0.062 In. (S.A.E. 1010) C.R.-Hd. 32 28 1000 
0.062 In. (S.A.E, 1010) C.R.-Hd. 32 28 900 
0.050 In. (S.A.E. 1010) C.R.-Hd. 32 21 900 
0.050 In. (S.A.E. 1010) C.R.-Hd. 32 21 900 
0.072 - (S.A.E. 1010) C.R.-Hd. 32 21 900 
0.072 In. (S.A.E. 2315) C.R.-Hd. 32 21 900 
0.062 in C.R-Hd. Temp.-S. A. E. 1010 
Case Hd. 0.005 In. Deep 32 21 800 
0.062 In. C.R.-Hd. Temp.-S. A. E. 1010 
Car. & Hd. 0.015 In. Deep 32 21" 900 
0.062 In. C.R.-Hd. Temp.-S. A. E. 1010 
Car. Wld. Hd. 32 21 900 
0.062 In. Nickel Plated 32 28 900 
0.062 In. Copper Plated 32 35 900 


Scar Flash tion @ 5° Lb. Lb. 


Deflec- 
Dis- Inches Max. tion 
colora- Lb. Inches @ Max. 


None None Some 210 415 45° Slug pulled out 
Slight Slight Some 220 445 40° Slug pulled out 
“ 215 500 45° Slug pulled out 
215 400 45° Weld sheared 
215 470 45° Weld sheared 
f =: 220 380 35° Weld sheared 
5 Bad 235 500 25° No failure 
: Some 335 500 20° Weld sheared 
200 435 40° Weld sheared 
195 400 40° Slug pulled out 
= 2 Fe 200 495 35° Weld sheared 
210 500 30° No failure 
Some Some - 220 440 30° Slug pulled out 
Slight Slight i 240 500 11° No failure 


Weld sheared 
Weld sheared 
Weld sheared 


Some 230 500 
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Table 35—Tensile Strength of Butt-Welded Boiler Tube. 


Hadley“ 

r Breaking Breaking Elongation 
< Area, Load, Stress, in 2 In., 
It In.? Lb. Psi. % 

, 0.636 36,960 66,080 55 

1 0.654 37,200 56,500 20 

, 0.654 36,400 56,500 52 

5 1.081 57,500 53,100 57 

9 1.106 58,700 53,100 55 

9 1.081 55,600 51,300 20 

~ * These two tubes broke through the weld; all others fractured 


away from the weld. 


were conducted with 1'/,- and 2-in. tubes which were 
welded as three tubes of each size 12 in. long, having one 
weld in the center of each tube. The tubes in this in- 
stance were pulled in full section and were not sawn into 
strips as in the previous case. The results obtained are 
listed in Table 35. Two of the tubes broke in the weld 
and this accounts for the small elongation (20%) ob- 
tained, as in each case the elongation was taken on 2 in. 
which included the fracture. In the other four cases the 
weld proved stronger than the tube, and fracture took 
place away from the weld. 


Table 36—Tensile Properties of Resistance Butt-Welded 
Plain Carbon Steel. Chvalov and Vedernikov® 


Type of Steels 


Joined Together Elongation, % Tensile Stress, Psi. 


St 3 to St 3 23.2 61,290 
St 3 to St3 24.0 62,570 
St 3 to St 3 24.4 61,000 
St3 to St 3 24.0 62,710 
St 3 to St3 26.4 62,000 
St3 to St 5 19.6 61,570 
St 3 to St 5 17.6 63,850 
St3 to St 5 20.0 64,840 
St 3 to St 5 18.4 63,700 
St3 to St 5 16.8 63,990 
St 5 to St 5 19.6 76,360 
St 5to St 5 17.2 77,070 
St 5 to St 5 17.2 80,200 
St 5 to St 5 20.4 78,070 
St 5 to St 5 18.4 80,200 
St 5 to St 5 17.6 79,200 


Chvalov and Vedernikov™ report the results listed in 
Table 36 which they obtained with butt-welded plain 
carbon steels 1 in. thick. All the 16 specimens which were 
tested in tension fractured in the weld. The authors 
do not give any welding details nor the exact composition 
of the steels. The only conclusion that can be drawn 
from the results obtained is that stronger joints can be 
obtained by resistance butt welding identical plates (same 
amount of carbon) than by welding plates differing in 
carbon content. 

The effect of welding pressure on the static properties 
of resistance butt welds has been investigated by Nedz- 
vetsky.*!:®2_ Round mild steel (0.20 C) specimens, 0.63 
in. diameter were welded at pressures varying from 1422 
to 8530 psi., Table 37. Welding pressures ranging from 
1422 to 3550 psi. did not exert an appreciable effect due 
to the fact that relatively high current density was used. 
From Table 37 it may be seen that lowest tensile values 
were obtained at the two extreme pressures, that is, 1422 
psi. (lowest) and 8530 psi. (highest). Using intermediate 


pressures (2130 to 4270 psi.) and current densities of 30 to 
0 amp. per sq. mm. yielded maximum strength values. 
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Table 37—Effect of Welding Pressure on Static Strength of 
Resistance Butt Welds.* Nedzvetsky®' 


Welding Pressure, Psi. Tensile Stress, Psi 


1422 64,700 
2130 67,550 
2840 67,830 
4270 71,100 
H400 70,390 
8530 64,270 


* Welds were machined to same diameter as bas« 
to remove surface irregularities. 


According to the author, the tensile strength of the welds 
was equal to that of the base metal, irrespective of the 
pressure used. Using a low-carbon steel resistance butt 
welded specimen, 0.43 in. diameter, Escard™ obtained 
a tensile strength value of 56,500 psi., 15°% elongation. 
Fracture occurred in the parent metal. No welding 
details were given. 

Pieces of soft steel */;, in. thick and 5 in. wide with an 
ultimate tensile strength of 56,150 lb. were butt welded 
and pulled by Hughes®* with the following results: one 
specimen failed one-half in plate and one-half in weld 
under a load of 51,000 Ib.; five specimens broke in plate 
just in back of weld at 46,100 to 53,400 Ib. Subse- 
quent tests were conducted using 5 samples 2 in. square 
which were butt welded and machined to 1 in. square. 
Two of the three samples which were tested in tension 
failed in the weld at 48,000-52,300 Ib.; the specimen 
which broke in plate back of the weld failed at 50,100 Ib. 
The other two specimens were tested in shear and failed in 
the weld at 50,300 and 51,500 Ib., respectively. All 
tests were pulled at a speed of '/s in. per minute. The 
resistance butt welds, therefore, had &2 to 95°, of the 
strength of the base metal. No welding data were 
given. 

Burton reported ultimate tensile strength values of 
the order of 58,900 psi. for resistance butt-welded steel 
bars, */, in. thick, containing 0.15% C. The specimens 
contained a weld in the center of the reduced portion, 
which was ground to '/, in. diameter after butt welding 
(no details). The unwelded base metal had an ultimate 
strength of 59,190 psi. 


Tensile Impact 


Henry and co-workers® studied the low-temperature 
tensile impact properties of resistance butt-welded (no 
details) mild steel (0.25 C). The tests were conducted 
on an Olsen impact testing machine which was converted 
into a tensile-impact machine of about 126 ft.-lb. capac- 
ity. Velocity of blow was approximately 12 ft. per sec- 
ond and the specimen was 0.80 in. parallel section, 0.20 
in. diameter. Referring to the results in Table 38, 
it is seen that the room temperature impact energy and 
ductility (welded) decreased about 20% at —80° C. 
with unexplained variations at intermediate tempera 
tures. The transition zone appeared to be in the vicinity 
of —40° C. The unwelded specimens had about the 
same ductility but 20% higher strength, as compared to 
welded, at all temperatures. 


Heat Treatment 


Annealing in the welding machine by moving the jaws 
apart after welding to expose bright surface, then switch- 
ing on the current until the desired temper color is ob- 
tained, has been recommended by several authorities®: 
for rock drills (0.60—-1.10 C) that are too long for the 
average furnace and for resistance butt-welded high- 
carbon steel wire to prevent brittleness. 

Annealing in the welding machine was inadequate to 
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Table 38—Average Tensile-Impact Properties of Resistance Butt Welds at Low Temperatures. Henry’ 


Rupture Energy, Elongation in 0.80 In., Reduction of Area 
Ft.-Lb % % 
Specimen +20° C —80° C +20° C —80° C. +20° C —80 
Unwelded &3 66 $] 25 59 5] Th 
Welded 61 52 25 L8 54 51 I 


prevent wire containing 0.64 C from breaking during 7 enstle Properties 


subsequent drawing through five dies, according to a According to Ferney,*! when a flash-welded mild 


Let 


writer im Ww tested re specimen is subjected to static tension, it will show nec} Alle 
containing U.00, uccess With the ing on either side of the weld, and fracture will eventyalh 


lally *Tv 
ensue at one of these necks. The weld shows sinqj 


reduction of area and fracture through the weld 
but seldom and only due to a serious welding fault 


C wire was obtained by annealing the ends (9 to 12 in.) 
in a coal fire before welding, and by heating to a blood 
red heat in the machine after resistance welding. The 


CCUTs 


0.85 C wire was annealed before and after welding and, in The static tensile properties of flash-welded joints hay, pont 
addition, the cross section of the weld was reduced a been studied primarily by Kilger®! ® (mild steel) ap and t 
small amount to decrease the drawing strain at the weld. Moore® (rail joints). ' The first named, used spec imens ae 
With all these precautions an average of only 20% of the oF the type shown in Figs. 36-38, which were produced in o 
welds in 0.90 C wire could be drawn without breakage. from four unheat-treated mild steel specimens containin ey 
_ Ina discussion of the problem, Frost® emphasized the 9 9g3-9.15 C, 0.50-0.58 Mn, trace to 0.022 Si, 0.026. panies 
importance of precise control and prolonged annealing iN 0.036 P, 0.042-0.054 S. These stocks had a tensi ai in 
treating high-carbon steel wire, and a process in which strength of between 53,300 and 61,900 psi.; elongations ee 
the welding was performed under carbon tetrachloride between 25 and 31.2% and reduction of area between 1: “i 
was mentioned (no details). and 64%. The welded cylindrical specimens (Fig ae 
on pulling showed elastic limit values of 97 to 103°, of sated 
the unwelded base metal; ultimate tensile strength ty sj 
Flash Butt Welds tween 99 and 105%; elongation (in 10 diameters) be § vont 
tween 17.8 and 23.7°% and reduction of area between 4! , 
Surface preparation which is of major importance in 20d 70% of the stock. The distance of the fractur with 
obtaining quality spot welds has no particular signifi- (dimension X, Fig. 36) was found to vary from vi t of 
cance in flash welding as irregularities are burned off 4-1, the distance depending on the welding time use: 66 s 
during the flashing period and any foreign matter is ex Subsequent tests were conducted by Kilger on test 
pelled with the flash. However, C. B. Voldrich (private ™e€"s of the type shown in Figs. 37 and 38 for the purp and 
communication, May 1944) points out the desirability of 0! ascertaiming the strength of the actual joint a1 A the 
chamfering the ends of thick-walled tubes, large bars and investigate the tensile strength of various sections h 
thick plates to improve initial flashing. In so far as com tween the joint and the unaffected ste ck. Phe Hirst ol Bor 
position of sheet is concerned, Welding Handbook™ states these series of tests was carried out with specimens cot give 
that all types of steel have been successfully flash welded *#!mIng 0.083 to 0.10 C. In the case of air-cooled speci of | 
to their own type and to all other types, as well as to Fiv 
practically all other metals and alloys with the exception FRACTURE X 4 ~WELO wel 
of lead, zine, antimony, bismuth, tin and their alloys. ad Fiv 
In making flash welds in steel, currents range from 2000 i mel ie FF or | 
to 25,000 amp. per square inch during the flashing period, <=. pal 
and from 2000 to 50,000 amp. during the upset.®: fro 
The selection of the proper flashing current depends on (a) 
the time to be consumed in making the weld. Some fac 
welding currents and flashing speeds that have been used gal 
for various thickness of steel are shown in Table 39. ¥r=228 mt 
WELD 
Table 39—Welding Currents (Amp./Sq. In.) and Flashing - > 
Speeds for Steel. Welding Handbook" Le — 
Min. Max. Max. Min. (b) 
Current, Current, Time, Time, 
Thickness Amp. Amp. Sec. Sec 
8 gage 2 4,5 7 a 
in 2000 10,500 2.5 NX 4 
1/, in 2600 25,000 10 - } = 0, 
5/50 in. 2600 23,500 10 1.6 
3/16 in. 2600 22,000 12 3:3 
in. 2800 20,000 18 1.7 10.2 A 
3/, in. 3000 18,000 46 8 A 
in. 3000 18,000 * (c) A 
3/, in. 3500 17,000 60 25 * 
1 in. 3500 17,000 90 10 Figs. 36-38. Kilger®!: % 
2? in. 17,000 fi? 65 a, cylindrical weld specimen; b, weld specimen with diamete: 


reduced at center of weld; c, welded specimen with deep-t 
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Table 40—Tensile Tests of Resistance Flash Welds of Low-Carbon Steel Strip. 


Distance 


Yield Tensile Elon- from Frac- 
Strip Point, Strength, gation, ture to Cen- 
Thickness, Width, Area, Pounds Pounds % in ter of 
Inches Inches Sq. In. Sq. In. Sq. In. 1.75In: Weld, In. Condition of Weld Surface 
). 0539 1.002 0.05403 40,240 53,360 15.2° 1.100 Flash and upset removed 
0543 1.001 0.05437 41,050 53,470 5.8* 1.075 Flash and upset not removed 
0.117 1.002 0.1173 37,820 48,650 16.3° 1.450 Flash and upset removed 
0.117 0.999 0.1169 36,950 48,540 by PY ia 1.500 Flash and upset not removed 
0.1805 1.001 0.1809 38,910 64,250 13.2° 1.275 Flash and upset removed 
0.1805 1.001 0.1809 39,030 63,690 13.8* 1.375 Flash and upset not removed 


m 


mens, the fractures occurred in the weld (X = 0, Fig. 37) 
and the ultimate strength ranged from 56,300 to 57,900 
psi. Out of four water-quenched specimens, one broke 
in the weld (U.T.S. = 60,400 psi.) and the other three 
fractured at a distance of from 2.64 to 2.8 in. from the 
average U.T.S. = 53,500). The results of the 


weld 


water-quenched specimens there was an increase in 
strength of up to 60% as compared with the stock, the 
strength decreasing from the maximum value (121,900 
psi. in notch, 58,200 psi. at a distance of 0.195 to 0.39 in. 
from the joint) to the normal value at a distance of | to 
2 in. from the joint. The maximum value obtained 
with specimens cooled in air was 90,900 psi. at a distance 
of | in. from the joint. In both cases welding time was 
H6 sec. The important conclusion of these and other 
tests, conducted by Kilger, was that both the actual joint 
and the heat-affected zone were invariably stronger than 
the parent metal. 

Kilger’s findings conform with those reported by 
jock®* and Cooper.® The latter obtained the results 
given in Table 40 for flash welds made in the middle area 
of low-carbon strips 0.052, 0.115 and 0.180 in. thick. 
Five specimens were tested of each stock thickness with 
weld flash and upset ground to original strip thickness. 
Five samples of each gage were also tested without flash 
or upset removed. In all cases fracture occurred in the 
parent metal at a point well removed (1.075 to 1.5 in. 
from the center of the weld. 

The physical effect of each processing step in the manu- 
facture of flash-welded boiler tubing has been investi 
gated by The Babcock & Wilcox Tube Co. (private com 
munication, May 1944). Six coils containing 0.09—0).14 
C, 0.35-0.38 Mn, 0.025—-0.035 S and 0.012-0.014 P were 
processed into 1'/y-in. O.D. x No. 13 B.W.G. pressure 


Vield 


* Private communication, May 1944. 
T Same reading after pickling. 


1944 


All elongations were measured across the weld. Each of the above figures represents the average test values of five specimens 
um and minimum values are consistently close to the average values. 
* Twenty-nine of the thirty tested specimens broke outside the elongation marks. 


Table 40A—Unwelded and Flash-Welded Static Properties of Low-Carbon Steel. 


Ultimate 


RESISTANCE WELDING CARBON STEELS 


Maxi- 


tubing through the following procedure: (a) scale 
breaking, (6) pickling, (c) cold rolling (reduction varied 

from 0.002 to 0.008 in., based on measurement after 
pickling and after cold rolling); (d) flash welding (SO ft. 
per minute, 380 amp., 380 v.); (e) normalizing (at 1650° 
F. in bright annealing furnace); (/) straightening (rotary 


second series of tests carried out on 0.13 C steel bars as 1'/s-in. B Sutton straightener) and (g) hydrostatic 
per Fig. 38 showed conclusively the strength of the _ testing. 
specimens to be greater than the stock. In the case of The results are listed in Table 40A from which it 


may be seen that for 1'/4-in. O.D. x No. 15 B.W.G. tubing 
of this particular composition, the physical properties as 
manufactured show 36,000-45,000 psi. yield, 52,000 
61,000 psi. tensile, 35 to 46% elongation in 2 in. and 62-69 
Rockwell B hardness with 57-61 Rockwell B in the rim 
portion at the weld area. Average weight loss in pickling 
the coils was 1.16°%. 

Flash welds ground to '/» in. diameter were tested by 
Hughes,® Table 41, at a speed of '/s in. per minute. All 
specimens broke outside the weld at a strength slightly 
less than that of the unwelded steel. With 0.50 C steel, 
the Rockwell B hardness of weld, heat-affected zone and 
unwelded base metal was 80.5, 98 and 80.5, respectively. 

Rolled bars 0.59 in. diameter were flash welded by 
Vér,” Table 42, in a 25-kw. machine and were machined 
to tension specimens 0.32 in. diameter, 5.5 in. long. All 
fractures occurred outside the weld. The maximum in 
crease in hardness in the heat-affected zone rose from 40 
Vickers units at 0.05—0.24 C to 110 units at O.86C. The 
heat-affected zone (revealed by etching) increased from 
about 0.15 in. back of the weld with 0.05 C to 0.75 in. 
with 0.86 C, largely because of the temperature limit for 
structural change decreases as the carbon content is im 
creased, according to Vér. Although the grain size in the 
heat-affected zone was coarse, no martensite was ob 
served. The hardness of the junction line was not 
higher than of unwelded base metal for some reason 

The effect of heat treatment (SO0-900° C.) on flash 


on 


The Babcock & Wilcox Tube Co. 


Point, Strength, Elongation Rockwell B Hardness ~ 
Psi. Psi in 2In., % On Skelp On Tube Weld Area 
Unwelded Strip 
As-received 37,000—44,000 51,000-57,000 34-37 55-59 
After scale breaking 44,000-48,000 57,000-59,000 30-36 64-69T 
After cold rolling 46,000-51,000 60,000-68,000 15-17 73-76 
Welded Tubing 
As-welded 45,000-60,000 62,000-75,000 18-33 75-84 88-92 
After normalizing (1650° F.) 34,000-37,000 50,000—57,000 19-58 54-65 17-52 
After straightening 36,000-—43 ,000 54,000-60,000 38-45 62-67 57-61 
After hydrostatic testing 36,000—-45,000 52,000-61,000 62-69 57-61 
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Table 41—Tensile Properties of Flash-Welded Plain Carbon Steels. 


Stock—0.036-Incn Automostre Grave Steet SHeets 


Radius Elec- 
Num- of Elec- trode 
ber trode Pres Condition Cleaning Average Average 
of Tip, sure, of of Strength, Current, 
Series Welds Inches Pounds Stock Tips Pounds Amperes 
A 1000 4 635 Oily None 1009 10,800 
B 1000 4 285 Oily None 941 7,150 
c 1200 4 1145 Oily None 1295 14,250 
D 1200 4 1145 Degreased Acid 1282 14,900 
E 1000 1'/): 285 Degreased Acid 907 6,690 
F 1000 4 285 Degreased Acid 935 7,150 


welds in a series of plain carbon steels (0.21 to 1.28 C) 
was found by Hasa and Benes® to be beneficial in raising 
the tensile strength. The specimens were 0.79 in. 
diameter with 1-in. parallel section. The authors state 
that the heat treatment raised the tensile strength of the 
weld to that of unwelded base metal. The reduction of 
area of the welds in the higher carbon steels (1.03 and 
1.28 C) was nil. The maximum average reduction of 
area in the flash welds was: 

0.21 C steel = 42.5% (unwelded = 60%) 

0.43 C steel 20% (unwelded = 56%) 

0.73 C steel 10% (unwelded = 24%) 


Table 42—Tensile Properties of Flash-Welded Plain Carbon Steels. 


Hughes** 
Average Average Shape 
Pressure Weld of Cavities 
Density, Diameter, Fusion in 
Psi Inches Zone Weld Remarks 
17,000 0.195 Ring Yes Poor weld structure 
12,000 0.160 Ring Yes Exceedingly poor weld 
22,500 0.237 Ring Yes Poor. weld structure 
27,000 0 249 Normal None’ Excellent throughout 
15,500 0.145 Normal Yes Spherical and interdendritic cq 
ties indicating exce seine 
12,000 0.144 Normal Small Acceptable except slic! Stine 
indicate need for higher pres. 
sure 
erties of flash-welded rail joints (131 Ib. per yard) cor 
taining 0.71 C, 0.81 Mn, 0.023 P, 0.037 S, 0.15 Si. Tor 


sion tests were made in an Olsen screw-power testin 
machine using Robertson shackles to hold the sp. 
(*/, in. diam., 1°/s, or 1%/,-in. parallel section 
mens cut from different sections of the joint gave thy, 
results which are summarized in Table 43. The valnec 
obtained indicate that properly made flash welds develo; 
static properties almost equal to that of unwelded bas 
metal. (See also sections on Fatigue and Impact Proper 
ties of Flash Welds.) 


Ver” 


Carbon Vield Strength, Tensile Strength, Reduction of Area, Elongationin3.2In., Elongation in Vicker 
Content, si. Psi. % % 0.79 in. at Hardness* 
% Unwelded Welded Unwelded Welded Unwelded Welded Unwelded Welded Weld, % A B C 
0.05 41,000 40-41,000 50,000 50,000 75 74-75 33-37 12-98 3.5-17°5 110 143 137 
0.08 43-44,000 44—45,000 56,500 55-56 ,000 68-70 68-71 32 26 12.5-15.0 124 if 
0.24 50-51,000 50-51,000 68,000 69,000 65 65-66 26-27 21-23 8.0-9 155 195 29 
0.31 54,000 54,000 81,000 81,000 45-47 48-50 23-24 18-21 7.0 160 212 8&7 
0.56 58,000 60-61,000 98,000 98-100,000 28-36 36 18-20 12-14 3.5-4.0 212 274 810 
0.64 60,000 58-59,000 102-104,000 102-104,000 36 36-45 18 13 1.6-2.5 220 278 845 
0.86 67-74,000 67-74,000 135-137,000 134-136,000 18-21 21-22 11-13 5-6 1.5 274 376 935 
*A = unwelded. 
B = maximum in heat-affected zone. 
C = unwelded, water quenched from 900° C. 


The maximum hardness of the welds occurred at the 
middle of the weld, contrary to Vér,” and was: 105 
Rockwell B for 0.43 C steel, 37 Rockwell C for 0.73 C steel 
and 40 Rockwell C for 1.03 and 1.28 C steels. The grain 
structure of the unannealed welds appeared to be un- 
usually coarse. 

Rail Joints.—Moore and co-workers®*: ® conducted a 
thorough investigation to determine the mechanical prop- 


Tensile Strength, 
Kips per Sq. In. 


Series Head Web Base Head 

I (1939) 

Unwelded 130 132 134 

Weldedt 126 (97) 131 (99) 133 (99) 
II (1940) 

Unwelded 133 133 136 8.0 

126- 134- 150- 5.4- 
Weldedt 139 131- 133- 8.0 
131 136 


* Average hardness (Rockwell C) values along horizontal section, 
zone = 28; weld metal or junction line = 30. ys 


Table 43—Static Tensile Properties* of Flash-Welded Rail Joints (13] Lb./Yd.). 


Fatigue Properties 


Notwithstanding the scarcity of published information 
on fatigue of flash welds, the reported data indicate that 
resistance welds develop remarkably high fatigue values 
especially in corrosive media.’°~7?, Experimental results 
reported by several investigators®’ ® substantiate 
this statement. 

Vér®™ used rolled bars, 0.59 in. diameter, flash welded 


Moore, Thomas and Cramer’: 


Elongation, % Reduction of Area, % 


Web Base Head Web Base 
19 17 21 
4 (21) 6 (35) 14 (67) 
Tat 8.3 18.7 17.4 21.4 
6.0- 7.0- 4.4- 4.4- 5.3 
6.0- 7.0- 17.8 16.1- 19.0 
8.0 8.0 17.0 19.0 


3/16 in. below tread of rail were as follows: rail = 23; heat-affected 


t Figures in parentheses are the values in terms of percentage of the corresponding values obtained for unwelded rail steel (0.71 C, 0.8! 


Mn 


t First value obtained with specimens cut from weld; second value—with specimens cut from weld junction; third value—with speci 


mens cut from heat-affected zone. 


338-s 


WELDING RESEARCH SUPPLEMENT 


ina 25 
Farme! 
endura 
welded 
0.24 C 
mens. 
weldec 
of carl 


4 


Tal 


K 
chin 
dian 
dete 
stee 
l 
2 xX 


kg. 


FATIGUE STRENGTH 


§ 
C 
OR 
OA 
31 
{ 
_ 
= 
Le 


Fig. 39—Kilger’s Fatigue Testing Machine: 


in a 25-kw. machine. The specimens were machined to 
Farmer rotating beam specimens 0.32 in. diameter, about 
|'/,in. parallel section. Table 44 shows that the ratio of 
endurance limit to tensile strength (see Table 42) for the 
welded specimens decreased from 0.5 for the 0.8 C and 
0.24 C steel specimens to 0.3 for the high carbon speci- 
mens. However, the ratio of endurance limits of 
welded to unwelded specimens was about 0.75 regardless 
of carbon content. 


Table 44—Flash Welds in Plain Carbon Steels. Ver*’ 


Ratio of 
Ratio of Welded 
Welded to Endur- 


Endurance Limit Unwelded ance 
(10 X 108 cycles), Endur- Limit to 
—Composition *— Psi. ance Tensile 
C Mn Si Unwelded Welded Limits Strength 
5 0.30 0.01 32,800 >29,200 
08 0.39 0.01 36,300T 28,500 0.78 0.51 
94 0.51 0.08 37,000 33,400 0.9 0.50 
31 0.31 0.17 £37,700 28,500 0.75 0.37 
56 0.30 0.19 42,700 33,400 0.78 0.3 
64 0.27 0.21 44,1007 29,900 0.67 0.29 
86 0.35 0.15 52,600 39,100 0.74 0.29 


*S = 0.03: P = 0.01-0.02 in all steels. 
+ Estimated from S-N diagram. 


Kilger®!-® used a specially constructed testing ma- 
chine, Fig. 39, capable of taking specimens up to 1.22 in. 
diameter (that is, nearly the full size of the weld) to 
determine the fatigue properties of flash-welded mild 
steel specimens containing 0.083 to 0.15% C. At the 
beginning of each experiment the test piece was loaded 
lower than the expected fatigue strength and after every 
2 X 10° stresses, the load was increased by 1422 psi. (1 
kg. per millimeter squared) until fracture occurred. The 


maximum load carried with the full 2 million alternations 


without fraction was taken as the fatigue strength, with 


an adjustment for the next 


higher (fracturing) load, de- 


pending on the number of alternations the specimen 
withstands at the fracturing load. This method of test- 
ing gives, according to Tépfl,’* values some 20% greater 


than Wohler values. 


A summary of the results obtained is given in Table 45 
and in Fig. 40, the latter showing the relationship be- 
tween upsetting pressure and fatigue strength. The 


Table 45—Fatigue Strength of Flash-Welded Low-Carbon 


Steel. 
Welding and 
Material* Treatment 
F, M Not welded 
E, F, M Not welded 
A,B Welded; cooled 
in air 


C, D, E, F Welded: cooled 
in air 

A,B Welded; water 
quenched 


C, D Welded; water 
quenched 


* Composition of steels: 


Kilger*®* 
Surface Fatigue 

Condition Strength, Psi. 
Polished 28,160 
As-rolled 23,460 
Well dressed (no 23,460 

other treat- 

ment) 


7 


Well turned and 26,300-23,750 
polished 


Weld dressed (no 25,030 
other treat- 
ment) 

Weld turned and 24,170 


dressed 


Si Ma P Ss 

A 0.09 -—0.10 Trace 0.51-0.55 0.027-0 029 0.046—0.047 
B 0.083—0.085 0.56-0.58 0.027-0 029 0.048-0.050 
( 0.15 0.022 0.58 0.036 0.042 
D 0.055 0.020 0.45 0.046 0.068 
E 0.09 Trace 0.48 0.011 0.051 
PF 0.09 ; 0.46 0.012 0.048 
M 0.12 0.50 0.026 0.054 

3 2.5 —_» 

F 
9.60 


Fig. 41—Fatigue Test Specimens Used by Kilger™ 


62 


type of specimen employed is shown in Fig. 41. Fatigue 


strength on unwelded stock was found to be 


23,500 psi. 


for the ‘‘as-drawn’’ specimens and 28,200 psi. for the 


polished ones. Polished (welded) specimens had a 
maximum fatigue strength of 26,300 psi. being 6.5% 


or 


lower than that of the unwelded stock. The fact that 
water-quenched specimens had a strength of 5.6% 
greater than air-cooled ones seems to indicate that residual 
stresses had no effect on fatigue strength. This last 
statement conforms with the findings of numerous 
authorities whose investigations have been summarized 
in another review.’ Kilger’s results permit the following 


conclusions: 


= 28,440 

© 

’ = 

1422, 2844 4266 

UPSETTING PRESSURE - PSI 


Fig. 40—Influence of Upsetting Pressure on Mechanical Properties of the Weld. Kilger*? 
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1. The surface finish of the 
specimen has a greater influ- 
ence on its fatigue strength 
than the weld. 

2. Specimens having the 
flash dressed (and no other 
mechanical treatment) will 
not fracture through the weld 
owing to both the inherent 
strength of the weld and the 
increase of the cross section at 
the joint due to upsetting; 
thus small welding defects 
will not cause failure at the 
joint. 
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4. Polished specimens may be assumed to have the 
same fatigue resistance as the stock. (Rosenberg”® 
quotes results by Behrens who showed that the torsion- 
fatigue limit of flash welds in mild steel was equal to that 
of base metal—about 22,800 psi.). 

t. Residual stresses in the weld do not reduce the 

strength of the specimen. 
5. Within wide limits, welding time does not affect 
the resistance of the joint. Nevertheless, specimens 
welded with excessive currents and with very low times 
have a tendency to fracture in the joint. 

6. Judging from the results represented in Fig. 40, 
fatigue strength rises markedly with upsetting pressure, 
particularly in the lower zone. At a pressure of about 
5000 psi., the strength reaches nearly that of the parent 
stock. 

Malisius and Mickel’® experimentally studied the 
tensile-fatigue properties of flash butt-welded specimens. 
The specimens were produced from mild steel plates 
(0. AT, 0.10 Si, 0.66 Mn, 0.1 S, 0.03 P) measuring 1.3 x 
0.23 sq. in. in cross section. The unwelded plates had 
8 following physical characteristics: 47,500 psi. yield 
point; 59,500 psi. tensile strength; 21.3°7 (in 10 diam 
eters) elongation. The tests were carried out on a 
Schenck te sting machine” with specimens 2-2.3 in. 
wide in the prism: itic test section which was 7.4 to 9.2 in. 
long. The 0.6-in. thick test specimens were subjec ted to 
tensile stresses which pulsated between 1138 and 31,300 
psi. at a frequency of about 3000 cycles per minute (10 X 
10° cycles criterion). The results obtained varied 
greatly, but the minimum fatigue strength of any welded 
specimen was equal to 65° of that of the unwelded 
material. The authors contend (no details) that a 
normalizing treatment tends to improve the fatigue 
characteristics of flash-welded soft steel and that it is safe 
to employ this type of welding in the manufacture of 
heavily stressed machine parts. Apart from mentioning 
that their specimens were welded in a SSW, type WS7 
machine, Malisius gives no other welding data. 


Ros® gives (n¢ 


Table 46—Flash-Welded Bars for Concrete Reinforcin 


Diameter of Bar, In 


0.395 
0.790 


Rail Joints.—Results published by Moore, 
on fatigue tests made on wel 


and ®, 72 
details) rail joints (0.71 C, 0.81 Mn) 


fatigue limit (Wéhler method) up to 90% 


» details) the following § 
fatigue of welded specimen vs. fatigue of unwe! 
men of flash-welded bars for concrete reinforci; 
16. 


Fatigue Ratio (Welded 


1.0 
0.95 
0.90 
0 85 
0.80 


show that sp 
cut from flash-welded joints develop a rotatin, 


of th 


welded rail. Full-scale fatigue tests on welded ; 


rail in a special® rolling load machine gave 


(welded to unweld 
criterion ). 


Discussing results obtained by Graf, 


ed) of more than 77% (2 x 


a fatigue 1 


Rosenbs I 


ported a fatigue value of flash butt-welded rail 


equal to 91° of 


that of unwelded rail (no 


Similar results were obtained by Miiller®® on fla 
welded rail slippers (no details). Pulsatin, 
fatigue values of 50,000 psi. for unwelded rail 
to 39,500 psi. for flash-welded rail joints (no detail 
Ros.” In test performed i 
flash-welded rail joints (composition not stated | 


been reported by 


sumably the steel contained 0.48—0.60 C 
metal entirely machined off, 


Grat®? 


value of 41,500 psi. (2 & 10° cycles criterion 
id 60,000 psi. found for the 


between 34,000 a1 
rails removed fron 


1 service. 
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Fig. 42—Pulsating Bend Fatigue Results Obtained by Campus” 
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Tensile Impact 


Equally high fatigue resistance of flash-welded rail 
s (101 Ib. per yard, composition not given) was 
btained by Campus,™ Fig. 42. The pulsating bend 
tigue tests were performed on a 110-ton Amsler pulsator 
wipped with cylindrical mild steel supports on a rigid 
lation. Fatigue failure in the welded rail sometimes 
urred in the weld, sometimes */, to 4 in. outside the 
veld. Extrapolating the semilogarithmic diagram to 10 
million eyeles (estimated to be equivalent to S years’ main 
lime service) it was calculated that pulsating bending 
itigue limit of the flash-welded joints would be 85° of 
that of unwelded rails when as-welded, and only 57% 
when annealed (50 min. at 875° C.). 


Notched-Impact Properties 

Flash welds were made by Kilger®’ in open- 
hearth steel bars 1.18 in. diameter (0.12 C, 0.50 Mn, 10.8 
ikg. per square centimeter DVMR core, 11.2 inkg. per 
sjuare centimeter outer layers). To test the welds, 
Kilger used a nonstandard specimen 2'/» in. long, 0.39 in. 
ameter, notch 0.195 in. deep, 0.027 in. radius. With 
welding times of 62-83 sec. (preheat 40-60 sec., flash 15- 
0 sec., reheat 1-3 sec. loss by flash 0.39-0.55 in., peak 
load 65-70 kw.), the notch-impact value increased as 
upset pressure increased from 2 mkg. per square centi- 
neter at 440 psi. to 7 mkg. per square centimeter at 
200 psi., Fig. 43. With 95-115 kw. (total welding time 
4-53 sec., loss by flash 0.6—0.9 in.) there was less de- 
pendence on pressure in the same range than with lower 
power but the notch-impact value was about the same. 


Che variations in notch-impact value were due more to 


slag than to microstructure, except with high pressures in 
which case the forging action improved the structure. 


In a subsequent series of tests, Kilger used the Krupp 
machine with specimens 0.59 in. diameter notched to 0.53 
i. at the weld and rotated 180° after every blow. The 
number of blows to fracture increased in an unsteady 
fashion from 2000 to 8000, Fig. 43, at the upsetting 
pressure corresponding to the elimination of visible de 
lects from the weld. 

Hasa and Benes® found that heat treatment was 
beneficial in raising the notch-impact value of their flash 
welds made in plain carbon steel. The results of their 
investigation are summarized in Table 47 and disclose 
that heat treatment at the designated temperatures 
raised the notch-impact value three to four times above 
unwelded. If the steels were spheroidized before weld 
mB the notch-impact value was not significantly 


Changed, but the as-welded flash welds in the higher 


1944 


UPSETTING PRESSURE, PSI 
Fig. 43—Impact Test Results Obtained by Kilger Using Flash-Welded Specimens"? 


RESISTANCE WELDING CARBON STEELS 


seem to indicate that properly 
executed flash welds may secure 
the full tensile-impact 
of unwelded rail. 


} carbon steels (1.03 and 1.28 C) had 
Oy 
| reduction of area. he test 
° specimen was notched at the weld 
zo - 
ES yt and was 0.71 in. square (span 
in.), the notch having a radius of 
0.08 in. and being 0.20 in. deep. 


Moore and co-workers®:® ob 
56000 5 tained the values listed in Table 48 
J ing 0.71 C,0.81 Mn, 0.023 P, 0.15 
Si, 0.037 S. The specimens meas 
ured 0.249 in. diameter, 2'!/»9-in. 
parallel section and were tested in 
a Charpy impact machine, fitted 
1.422 2.844 with ‘‘Lyon”’ tension attachment 
36 
: 4,266 (no details). In general, the values 


resistance 


Table 47—Notch-Impact Value (Mkg. /Cm.”) of Flash-Welded 


Plain Carbon Steels. Hasa and Benes” 


Composition Unwelded Heat Treated” 


C Mn Si Base Metal As-Welded 10 Min | Hr 
0.21 0.78 0.23 18.5 1.3 14.1 
(). 43 O60 O.30 O.8 
0.73 0.31 0.21 2.2 0.8 2.9 
1.08 0.28 0.15 1.0 0.7 
1.28 0.29 0.21 1.0 0.7 

* The following heat-treating temperatures were used: 800° C 
for 0.73 C steel; 850° C. for 0.43 C steel; 900° C. for 0.21 C steel 


Metallography 


There is a pronounced similarity, from a metallurgical 


standpoint, between resistance flash and metallic ar 
welds. Flash-weld structures differ from metallic ar 


c 
c 


welds chiefly in that the various zones are narrower and 


some zones are subjected to hot forging. 


Table 48—Impact-Tension Value of Flash-Welded Rail 
Joints (131 Lb./Yd.). Moore, Thomas and Cramer*** 


———Impact Tension Value, Ft.-Lb 


Series Head Web Base 
I (1939 

Unwelded 126 14] 147 

Welded 160 (127)* 85 (60) *% 112 (76)* 
II 1940 

Unwelded 130 139 112 

Welded 137 86-118-143 113 

* Figures in parentheses are values in terms of percentage of tl 
corresponding values obtained for unwelded rail steel v1 4 

+ First value for specimens cut from weld, second value—tf 
pecimens cut from weld junction; third value for specimen ct 


ted zone 


from heat-affe 


Photomicrographs obtained by Cooper™ of a resistanc 


‘e 


flash weld in 0.076-in. thick low-carbon steel are shown 1n 


Fig. 44 and may be taken as typical. The structure 1s 
indicative of steel exposed to heating and cooling at 
temperatures from room temperature to approximately 
6000° absolute (the temperature of an ar A view of 
all affected zones and of the original unaffected parent 
strip (pearlite and free ferrite) are shown in Figs. 44 (A 
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Fig. 44——Flash Welding Steel Strip. Cooper** 


A is a photomacrograph of a resistance flash weld in 0.076 in. thick, 0.06% C, 30% Mn, A-1 hot-rolled deep. 
drawing steel etched with 3% Nital and taken at 7.5 diams. Bisa photomicrograph of the original parent striy 
etched with 3% Nital and taken at 75 diams. C shows the exact center of the weld and the st ructut he 
zone subjected to highest temperatures, most rapid rate of quench and most drastic forging. Also etched wit! 
3% Nital and taken at 75 diams. magnification. | D shows the structure of the heat-affected zone with iis refined 
grains. Also taken at 75 diams. and 3% Nital etch. 


of 


temperature, the grain structure of the pearlite (29% of — search Suppl. 359-s to 368 s. 591-s to 602-s (1941). mee: 
the original structure shown by Fig. 44 (B) recrystallizes 334°; Research Council, 1bid., 19 (9), Research Supp!., 38 
to form a fine-grained austenite, the alpha iron changing 5. Nikolaev, G. A., and Nikolaev, B. P., Avtog. Delo, 10 (5), 3-9 (19 


6. Warnant, E., Vandeperre, L., Joukoff, A., and Lukas, P., Bull. 

to gamma iron. As the material is heated to various THe Conaiss ‘des M steriaux, University ‘of pp. 
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® Remington, Chamberlain, J. E., and Osborne, J. A., AmeRicas 
structure shown by Fig. 44 (B)) recrvstallizes from alpha  Wetorne Society Journat, L (1), 38 40 (1922) 
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Members of the Aircraft Welding Research Committee of the Engineering Foundation Sponsored by the 
AMERICAN WELDING SOCIETY, American Institute of Electrical Engineers, photographed during their tour of the 
Aircraft Departments of the Floor Plant of the Armstrong Cork Company at Lancaster, Pa. 


; CORRECTION of the April 1944 issue of the Welding was measured before cutting and after 
In the article “The Effect of Peening as Research Supplement, the word ‘‘welding”’ cutting. ¢ 
13 a Method of Stress Relieving Applied to in the line above Fig. 3 should read, In Table 1 the heading should read, 
jum Welds” by O. H. Henry and E. M. Daman, “cutting,’’ so that the sentence becomes “Strain Gage Differences Between Read- 
Which was published on pages 206 and 207 “The distance between reference holes ings in Inches.” 
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Aluminum Alloys 


By Malcolm R. Rivenburgh' and C. Weston Steward: 


N AIRPLANE is designed to carry certain loads 
and to travel through all kinds of weather, at- 
mosphere and temperature. To do this efficiently, 

all welding must be sound, corrosion resistant and able 
to transmit the necessary load to each member of a 
plane's construction. 

Since 245-T Alclad aluminum is one of the most es- 
sential aluminum alloys used in airplane construction 
and fabrication, it is apparent that new methods of 
joining this alloy should and are being considered 
seriously. As this material is one of the most difficult 
to join by fusion welding, it is apparent that development 
work on welding methods, material and design is neces- 
sary. 

The are welding of aluminum and its alloys, is very 
difficult when the sheet thickness is less than '/s in. 
In addition, it is not considered satisfactory because of 
spatter and excessive porosity. Porosity weakens the 
weld and prevents the making of liquid- or gas-tight 
joints. The high melting rate of most aluminum 
electrodes necessitates welding rapidly. This, in turn, 
results usually in the use of heavier electrodes in order 
to carry sufficient heat for good fusion and penetration. 
The quality of work produced by this method is unsatis- 
factory. Therefore, the standard rule has been to gas 
weld all so-called weldable aluminum and aluminum 
alloy assemblies. 

* To be presented at the Annual Meeting, A-W.S., Cleveland, Ohio, Oct. 16 
to 19, 1944 
- tT Research Engineer, Curtiss-Wright Corp., Research Laboratory, Buffalo, 


t Head, Metal Fabrication Section, Curtiss-Wright Corp.. Research Lab 
oratory, Buffalo. N. Y. 


Fig. 1—The Multi-Arc-Welding Process in Operation 


A Paper on Multi-Arc Welding 


ce Cc: 
, W = workpiece 
m R; = resi 
1 = resistance 
Rs C, = carbon electrode 
C, = carbon electrode 
M = flux-coated metal. 
lic electrode 
+ A.C. = A.-C. weldi ng ma- 
DC chine 
D.C. = D.-C. welding ma- 
= chine 
t + 
uld 
Fig. 2—Diagram of the Electrical Circuit Used for the Mu am 
Arc Process : 
r hi; 
tet 
rhe most weldable aluminum material is 2S rs 
mercially pure aluminum). However, 3S (an al! \s 
aluminum and manganese) has higher mechanical proy etl 
erties and good welding characteristics. Where sti een 
higher tensile strength is desired, other alloys ar weldi 
used such as 52S (composed of aluminum, magnesiw In 
and chromium), the strength of which is approximatel ulti 
twice that of 3S. Cracking in or near the heat-aflect 
zone may occur unless the welding is carefully ait 
This material is not as easy to weld as 2S and 3S. re T 
Gas welding of the strong aluminum alloys has bee r 


somewhat limited, especially with such alloys as 245-1 


Alclad (which contains aluminum, copper, magnesium 
The tensile strength of this n 
is approximately 65,000 psi. and, because of good phys 
cal properties and resistance to corrosion, it is used ex 


and manganese). 


tensively for aircraft fabrication. 
joining this material are being used; 


stitching, riveting, spot welding, etc. 


If fusion welding of this alloy were practical, it w 
contribute many 
weight and time of fabrication, 


desirable 


features: 


Many methods 


such as, metal 


such as 


and eliminating 


joints, riveting, dimpling, drilling, ete. Lighte1 


Table 1—Multi-Arc-Welded 0.016-In. 24S-T Alclad 


Heat Treated After Welding 


Specimen No 


344-s 


Welded 11/12 


Butt Joint 


Widths 
0.921 
1.000 
O65 
0.943 
0.950 
0.958 
0.938 


Ultimate 


970 
989 
930 
790 
970 


an 
b 
Ta 
Heat +1 
Speci 
“A 
4 
5 
TS 
‘ 
ifs 
Av. 60,12> 
= 
19. 


rode 
rode 


neta! - 


le 


J ma- 


ma- 


Table 2—Multi-Arc-Welded 0.040-In. 24S-T Alclad 
Treated After Welding—Butt Joint—Aging Time, 72 Hr 


Heat 


Specimen No. Widths Ultimate K 
A 0.968 2300 59,500 
B 0.970 2200 56,700 
C 0.962 2200 57,100 
D 0.984 2340 59,500 
E 0.985 2300 58,400 
F 0.972 2500 64,200 


Av. 59,233 


Material—3S '!/.H; 


Table 3—Comparison of Multi-Arc and Oxyacetylene Welding 


metallic electrode holder, the part to be welded and two 
sources of current. One source is a. c., which is used to 
supply the twin carbon torch because it results in even 
burn-off of the carbons, and the other may be either 
a. c. or d. c. for supplying the metallic electrode. This 
combination is particularly good as a source of energy 
for welding because the heat may be efficiently concen 
trated and accurately controlled. The metallic electrode 


holder is designed to use electrode sizes from */ to 
Rod size, for a given thickness of 


16 in., inclusive. 
stock welded, is not critical; for example, an 0.05] 
butt joint may be welded with either a */y-, '/s-, or ‘ 


Thickness—'/, In. 


Distance Fracture 


Welding Occurred from Visual 
Specimen No. Process Width Ultimate Psi. Weld, In Appearance Porosity 
l Multiare 0.943 1900 16,100 1/s Good None 
2 Multiare 1.00 2100 16,800 ay, Good None 
Av. 16,450 
l Metallic arc 0.950 1900 16,000 ‘ Fair Large amt 
2 Metallic arc 0.968 1900 15,700 , Fair Large amt 
3 Metallic arc 0.975 2000 16,390 l/, Fair Large amt 
Av. 16,030 
1 Oxyacetylene 0.955 L880 15,750 6 Very good Small amt 
Zz Oxyacetylene 0.966 1890 15,650 3/, Very good Small amt 
3 Oxyacetylene 0. 966 1890 15,650 Very good Small amt 
Av. 15,683 


uld be used and, at the sare time, greater strength 
ner unit could be obtained. It would be an ideal ma- 
terial for gas tanks. Tanks could then be pressurized 
for high altitudes and low temperatures, so as to elimi- 
nate boiling and bubbling of gasoline and associated vapor 


\s part of a project on the development of a method 
for the are welding of thin metals, a new process has 
been invented. This process has been named Multi-arc 
welding. 

In order to favorably present the development of 
multi-are welding, it is necessary to explain the function 
f each circuit and the initial objective, which is the 
welding of relatively thin sheet aluminum alloy by the 
arc process. 

rhe essential elements of the process are: a twin 
carbon torch, a heavily coated metallic electrode, a 


Table 4—Preliminary Corrosion Test of the Multi-Arc Welded 0.041-In. 24S-T Alclad 


in. rod, the only difference being in the speed of welding 
The best results have been obtained with a heavy flux 
coated 5°; silicon 95° aluminum rod, known as ‘‘Alum- 
inweld.”’ 

In operation, the twin carbon torch is held in the right 
hand so that the carbons are in a plane which is at an 
angle of 30° to the vertical.and moved along the joint 
traveling from right to left, keeping the joint to be welded 
midway between the points, with the carbons about '/s 
in. above the work. (See Fig. 1.) 

In order to successfully weld various types of joints 
and different material, it 
carbon electrodes ranging in diameters from °/ to ! 
in. The »-in. electrode is used to weld gages as light 
as 0.016 245-T. The '/4-in. carbon is used to weld thick 
nesses equal to 0.125 3S aluminum. 

A certain degree of ‘“‘are heat’’ control is obtained by 


gages of is necessary to use 


Loss in Str 
Specimen H.T. Aftet Compa: 
No Salt Spray Welding Width Type Joint I Itim ite } Uncorrode 1 wpe 
Yes Yes 0.991 Butt 40 17,750 
5 Yes Yes 0.9935 Butt 2520 61.55 
6 Yes Yes 0.981 Butt 2500) 62'200 


es Yes 1.041 


No 0.994 Butt 
es No 0,950 Butt 
No 001 Butt 


No 


021 


Yes 1.004 
Yes (). O87 


Yes 


None 
None 


None 


None 
None 


None 
None 


978 
950 


Yes 1.044 
Yes 0.991 


None Pare 


16 None 


Parent metal 27 


Parent metal 
Butt 
Butt 
Butt 
Butt 


Butt 


Paren 


MULTI-ARC WELDING ALUMINUM ALLOYS 
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Table 5—Typical Multi-Arc-Welding Data 


Material—A2S aluminum alloy 

Material thickness—0.081 in. 

Type joint—butt 

Electrcde size and type—'/s-in. Aluminweld 

Inches of weld per rod—12 

Weight of coated rod per foot of weld—0.026 Ib. 
Welding rate—12 in. per minute 

Power consumption per foot of weld—0.065 kw.-hr. 


adjustment of the “are gap.’ Therefore, the operator 
makes such necessary adjustments while welding as con- 
ditions demand. 

The are is started by depressing a thumb lever which 
extends back, midway on the thumb side of the twin- 
carbon-torch handle, causing the two carbons to con- 


24S-T Alclad “Butt Joint’ Welded by 
the Multi-Arc Process Without Using 


Fig. 3—The Work Side of 0.016 
a Back-Up Strip 


Fig. 4—The Back Side of 0.016 24S-T 

Alclad Butt Joint Welded by the 
Multi-Arc Process Without the Use 
of a Back-Up Strip. Note the Uni- 
fcrm, Smooth Penetration Obtained 


£3 Fig. 5—The Work Side of 0.032 
24S-T Alclad “Butt Joint’’ Welded 
| by the Multi-Arc Process. Note the 
ey Uniform Well-Formed Bead 
‘+ Obtained 


‘ies Fig. 6—The Back Side of 0.032 24S-T 

| Alclad “Butt Joint’’ Welded by the 
Multi-Arc Process Without the Use 
a : of a Back-Up Strip. Note the Well- 
¥ Formed, Uniform Penetration Ob- 
tained 
>> 22 a! 


mee “ig. 7—The Work Side of 0.049 
> 245-T Alclad “Butt Joint’ w. ded 
by the Multi-Arc P; 


ess 


A Fig. 8—The Back Side of 0.04 


> 24S-T Alclad ‘Butt Joint’’ Welded 
by the Multi-Arc Process. Note 
form Penetration Obtained 


tact each other, producing an arc. By releasing the 

pressure slightly, the proper arc gap is easily adjusted. 
The twin-carbon-torch are is then moved to within 

1/, in. of the workpiece where welding is to begin. A 


circular motion of the are is momentarily employed for 
about 5 sec., which tends to preheat the work at the 
starting point. 

At this time, auxiliary arcing takes place between one 

of the carbons and the workpiece. 
_ The next operation is the introduction of the metallic 
electrode, which is held in the left hand, and placed 
directly over the seam to be welded, contacting the sur- 
face of the workpiece at the starting point. 

The twin carbons and the metallic rod are now ap- 
proximately */\, in. apart. Arcing now takes place be- 
tween the metallic electrode and the carbons, from one 
carbon to the other, from the metallic electrode to the 
workpiece and from one carbon to the workpiece. All 
of this, when confined, produces five individual arcs 
functioning as one. This are action causes immediate 
fusion of the metallic rod deposit and the parent metal 
and produces a completed weld free from porosity with 
uniform penetration. The current supply for any 
individual cireuit is not sufficient to produce welding by 
itself. A constant, smooth arc is maintained from the 
metallic electrode to the carbons and ground, because 
of the ionization produced by the carbon arc flame. As 
a result, control of the heat is such that it has been pos- 
sible to weld 0.016 24S-T Alclad aluminum alloy by the 
process without a back-up strip. The electrical circuit 
is as shown in Fig. 2. Reverse polarity is used while 
welding aluminum. However, straight polarity may be 
used. 

The important function of the multiple are is that large 
amounts of heat are capable of being delivered im con- 
centrated form to the surface of the material being welded 
while at the same time being under perfect control. 
The heat transfer and temperature are of a nature which 
permits the parent metal to receive a preheat and the 
weld deposit to acquire a postheat. This allows all 
gases and impurities to escape to the surface of the 
molten metal before it becomes plastic enough to entrap 
them and cause porosity. The appearance of the weld 
surface is sometimes affected by this action but it 1s 4 
surface condition only. 
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‘Fig. 9—The Back Side of 0.016 24S-T Alclad ‘Butt Joint'’ Multi- 

Arc-Welded Specimen, Heat Treated After Welding. Sub- 

jected to Tensile Loading Unti! Failure Occurred, as Shown, 
at 64500 Psi. 


Fig 10—The Work Side of 0.016 4S-T Alclad “Butt Joint’ 

Multi-Arc-Welded Specimen, Heat Treated Alter Welding. 

Subjected to Tensile Loading Until Failure Occurred, as 
Shown, at 63,600 Psi. 


Fig. 11—0.125 3S14H Aluminum Multi-Arc-Welded Specimen, 
“Butt Joint,” Subjected to Tensile Loading Until Failure 
Occurred, as Shown, at 16,800 Psi. 


Fig. 12—0.081 52SO Mulli-Arc-Welded Specimen, ‘Butt 
Joint,’’ Subjected to Tensile Loading Until Failure Occurred, 
as Shown, at 30,700 Psi. 


Multi-arc-welded aluminum alloy specimens have _ tration, slag inclusions, porosity and undercut, if present, 
been subjected to visual examination, tensile, X-ray, are also helpful in attempting to determine the quality 
microscopic and corrosion tests. The study of the of a weld. 
appearance of a completed weld, for the smoothness, The fact that, so far, 2S, 3S, 52S and 24S-T Alclad 
evenness and uniformity of the bead, as well as pene- aluminum alloys, from 0.016 to '/s, have been welded 


Fig. 13—Cross Section of 0.125 3S'/,H Alu- 

minum Metallic Arc-Welded “Butt Joint.’’ 

8 X Magnification, Showing the Presence of 
Porosity 


Fig. 14—Cross Section of 0.125 3S'/:H Alu- 
minum Multi-Arc-Welded “Butt Joint.” 8 x 
Magnification, Showing No Porosity 


Fig. 15—Cross Section of 0.125 3S'/,H Aluv- 
minum Oxyacetylene-Welded ‘Butt Joint.’’ 
Magniication, Showing Slight Porosity 
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Fig. 18—The Work Side of 0.068 
ae | 3S Aluminum “Butt Joint’’ Welded 
by the Multi-Arc Process 


‘ Fig. 19—The Back Side of 0.068 3S 

; Aluminum “Butt-Joint’’ Welded 
Vr by the Multi-Arc Process Showing 
the Uniform Penetration Obtained 


Fig. 20—The Work Side of 0.125 
3S'/.H Aluminum “Butt Joint’’ 
Welded by the Multi-Arc Process 


Fig. 21—-The Back Side of 0.125 |, 
3S'/,H Aluminum “Butt Joint’ @ 
Welded by the Multi-Arc Process 
Showing the Uniform Smooth 
Penetration Obtained 


> 
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Fig. 16—Cross Section of 0.081 5250 a 
num Multi-Arc-Welded “Butt Joir a 


Magnification, Showing No Porosity 


x oily 


Fig. 17—Cross Section of 0.081 52SO Alu, 
num Heliarc-Welded “Buti Joint 
Magnification, Showing Slight Porosity 


Fig. 22—Cross Section ; 
3S'/.H Aluminum Multi-Arc Welded 
to 0.062 3S Aluminum Fillet 
Weld.’ Note the Penetration Ob. 


ot 0.1875 


tained 


Fig. 24—Work Side of 0.062 3S'/.H Aluminum “Corner Join! 
Welded by the Multi-Arc Process 


Fee Fig. 23—Work Side of 0.1875 38! 4 

Aluminum Multi-Arc Welded t 
0.062 3S Aluminum. ‘‘Fillet Weld 
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Fig. 25—Inside of 0.062 3S'/,H Aluminum “Corner Joint’ 
Welded by the Multi-Arc Process. Note Fusion and Uniform 
Penetration Obtained 


as well as 57S and 52S, magnesium, stainless steel, 
brass and copper, testifies to the flexibility of the multi- 
are-welding process. With 24S-T Alclad, approximately 
45,000 psi. tensile strength is developed in the as-welded 
condition. By subsequent heat treating, a maximum 
of 64,500 psi. has been attained. 

X-rays were taken of weldments, showing particularly 
bad surface pitting or roughness, for the purpose of 
determining the presence of porosity caused by this 
condition. The X-rays were somewhat misleading be- 
cause the negative indicated what was believed to be an 
overdose of porosity. However, this was thought to be 
only a picture of the surface pitting. This was con- 
firmed when the weld metal was machined flush with the 
parent metal and the X-rays were retaken. This showed 
no porosity whatsoever, thereby definitely eliminating 
the relation between surface pitting and porosity, or 
gas pockets, in the deposited weld metal. This was also 
confirmed by metallographic studies of cross sections. 

The results of tensile tests of multi-arc-welded 0.016 
248-T Alclad and 0.040 24S8-T Alclad are tabulated in 
Tables 1 and 2. 

A comparison of multi-arc, metallic are and oxyacety- 
lene welding of 3S'/.H aluminum alloy is tabulated 
in Table 3, which gives comparative results of tensile 
tests. 

A few specimens of multi-arc-welded, 24S-T Alclad 
material were subjected to preliminary corrosion tests 
to determine susceptibility. 
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Fig. 26— Work Side of 0.125 3S'/,H Aluminum “Corner Joint’’ 
Welded by the Multi-Arc Process 


Fig. 27—-Work Side of 0.064 2S'/.H 
Aluminum, “Butt Joint’’ Metallic 
Arc Welded 


Fig. 28—Back Side of 0.064 2S'/,;H 

Aluminum, ‘“‘Butt Joint’’ Metallic 

Arc Welded. Note the Irregular 

Penetration Which Is Difficult to 
Control 


Fig. 29—-An Experimental Pressure Tank Con- 
iy ' structed of 0.051 24S-T Alclad and Multi-Arc 
Welded. The Pressure Was Increased by 
Means of a Hydraulic Pump, with an Attached 
Pressure Gage, Until Rupture Occurred, as 


Shown, at 350 Psi. The Only Deformation 

Before Rupture Was the Slight Bulging of the 

End Heads. The Heads Were Spun from 
0.064 24S-T Alclad 


MULTI-ARC WELDING ALUMINUM ALLOYS 
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Specumens were submitted to the salt spray for 2SS 
hr. However, during this period the atomizer did not 
work properly for a number of hours during the first 
4 or 5 days. It 1s believed that the specimens received 
the equivalent of 200 hr. exposure. 

After 96 hr., evidence of corrosion was visible at a 
magnificaticn of 30 X on both unwelded strips and 
welded strips. The pitting occurred in the parent- 
metal cladding at the base of the welds and near the 
edges of the strips. There also were pitted areas dis- 
tributed somewhat evenly over the entire surface of the 
parent metal. However, unwelded specimens showed 
similarly scattered pitting after the fifth day. Such a 
condition, occurring over a wide area, has often been 
called pit corrosion and, in this case, was not caused or 
aggravated by welding. 

Comparative results of tensile tests after exposure are 
noted in Table 4. 

Table 5 contains data obtained while multi-are welding 
0.081 5250 aluminum alloy. 

The photographs shown in Figs. 3 to 8, inclusive, are 
of multi-arc-welded 24S-T Alclad aluminum alloy. The 
purpose of these photographs and the ones to follow is to 
show the even and uniform bead obtained by multi-are 
welding, and also the penetration obtained. 

The penetration is more uniform and clean-cut than 
the deposit metal on the work side of the sheet, as the 
escaping gases, formed by the molten metal, cause a 
somewhat pitted appearance, as mentioned earlier. 

The photograph shown in Figs. 9 to 12, inclusive, are 
of multi-arc-welded specimens subjected to tensile 
tests. 

The cross-sectional photographs in Figs. 13 to 15, 
inclusive, are of metallic-arc-, multi-arc- and oxyacety- 
lene-welded in. 3S'/.H aluminum. It is possible 
to observe the comparative amount of porosity present 
in the weld produced by the different methods. The 


AS 


PULTI-ARC WELDED TANK 
OS! ALCLAD 24 ST 
RUPTURE PRESSURE < 420 ps.i. 
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Fig. 30—An Experimental Pressure [,,) 

Constructed of 0.051 24S-T Alclad and My) 
® Arc Welded. Heat Treated as Sh Ey 

Heads Spun from 0.064 245S-T Alclad Shoes 


multi-are-welded specimen contains less porosity tha; 
either of the other two methods. 

In Figs. 16 and*17 are a comparison of multi-ar 
heliarc-welded 0.081 52SO aluminum alloy. 

The photographs shown in Figures 18 to 26, inclusiy: 
are of multi-arc-welded 3S aluminum alloy. Figur 
to 26, are corner welds showing the inside and 
after welding. Figures 22 and 23 are photographs ot 
weld where a */;,.-in. plate is welded to an 0.064-in 
The cross section shows the amount of penetration ob 
tained by this process while welding dissimilar 
nesses of material. Figures 27 and 28 are metalli 
welded 2S aluminum showing the work side and 
amount of penetration obtained. By observing th 
photographs, it is obvious that a weld of exceptior 
high quality is produced by the multi-are process 

Figure 29 is an experimental pressure tank 
structed of 0.051 24S-T Alclad welded by the mult 
arc process. The end heads were spun from () 
24SO Alclad and heat treated after spinning. 
tank was tested in the as-welded condition. A hy 
draulic pump and a pressure gage were connected. T| 
hydraulic pressure was increased until rupture occurr 
as shown, at 350 psi. The only visible deform 
before rupture was that of the end heads, which deiorn 
tion was very slight. 

Figures 30 and 31 are photographs of a similar! 
constructed tank, except that the longitudinal seam w 


heat treated before the end heads were multi-are welded 


into place. The internal pressure to rupture this tank 
as shown, was 420 psi. 

In conclusion, it may be stated that, because tli 
tests conducted so far are of a preliminary nature, n 
extensive experimental work has been planned 
future projects pertaining to this process which wi 
include exhaustive tests on general corrosion, tensil 


strength, fatigue, elongation, impact, intergranular 


corrosion, stress corrosion and porosity 
In addition, further studies on rod coat 


pated. 
Fig. 31—The Same as Fig. 2 Except the 
¥ ya, | ternal Pressure Was Increased by a Hydraulic 
Pump Until Rupture Occurred, as Shown, 2! 
iii 420 Psi. Slight Bulging of the End Heads 


ings, welding speed, cost of operation, 
development of unified equipment and 
improvements in technique are antici 
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Bursting Tests 


Abstract 


treated alloy steel tubing subjected simultaneously to 
rential and longitudinal tension showed slightly higher 
strengths and much lower ductility values in the circum- 
tial direction than rod tested in tension. 
\ sharp longitudinal notch on the outside surface of the tubing 
; found to be the most severe embrittling agent observed so far, 
hat steels with a strength level as low as 150,000 psi. had a 
ich strength less than the strength of unnotched tubing. 
Such a single notch did not have the strength-increasing effect 
A double 


tch (on both inside and outside surface), however, did produce 


h was expected for sufficiently ductile conditions 


1 a strength-increasing effect, but the increased lateral stress 
esponsible for such an effect did not cause any greater 

rittlement than a single notch. 

onditions of fiber direction are usually considered to be 


ivorable in tubular machined from solid rod and 


specimen 


ted to internal pressure than for drawn tubing. However, 
h effect of fiber direction was observed in tests on notched 


machined from rod 
Test Procedure 


POSSIBILITY of creating a multiaxial stress 
state is offered by tests on thin-walled tubular 
specimens which are simultaneously subjected 

to internal pressure, which creates circumferential ten- 
son, and to longitudinal tension. The ratio of the two 
tensions can be varied almost anywhere between | to 0 

dQto 1. The third principal stress is a small radial 

mpression, on the average, of one-half of the internal 
pressure, and it is insignificant. Such tests have been 
carried out for the particular purpose of revealing the 
elect of the stress state on the plastic flow.'” 

It was decided to make some tests on tubing, selecting 
a Stress state which should yield the minimum ductility. 
However, the maximum triaxiality present in any com- 
bined stress test on cylindrical tubing is probably rather 
small compared with that present in notched tensile 
test bars, for instance. On the other hand, it should be 
possible to reach a particularly high triaxiality by the 
superposition of a notch effect on the triaxiality present 
in the tubing. Therefore, a number of additional tests 
have been carried out on tubing provided with a sharp 
longitudinal notch. 

* A paper presented before the Twenty-fourth Annual Convention of the 
American Society for Metals held in Cleveland, Oct. 12 to 16, 1942. Manu- 
Script received by A.S.M. July 15, 1942. 

‘his paper constitutes the second report on a research program conducted 
at Case School of Applied Science under the sponsorship of the International 
Company, Inc 
Sachs is professor of physical metallurgy, and J. D. Lubahn is research 
assistant, department of metallurgical engineering, Case School of Applied 
Science, Cleveland 


+ We are indebted to Messrs. R. H. Smith and C. L. Harvey of Lamson and 


“essions Company, Cleveland, Ohio, for their support in securing this equip- 
ment 
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on Notched Alloy 
Steel Tubing 


By G. Sachs and J. D. Lubahn’ 


Difficulties were encountered in securing high-pressure 
equipment which would resist the required maximum 
pressure of 30,000 psi. The solution of the problem 
which was finally adopted t is illustrated in Figs. | and : 
The high-pressure generating chamber is a cylinder 
made from an air-cooled alloy steel, into which a hard 
ened, high-speed steel piston could be pushed. Both 
the cylinder and the piston were lapped, giving a few ten 
thousandths clearance. One end of the high-pressure 
cylinder contained a small opening, leading into a larger 
cham.ber. This chamber was provided with a threaded, 
heat-treated steel adapter, forming the one grip for the 
tubular specimen. The other end of the speciren was 
closed by a threaded cap, having a recess in the bottom 
and a tap screw which served as an air valve in filling 
the assen. bly with a heavy cylinder oil. The assembly 
was placed into a 60,000-Ib. Olsen hydraulic testing 
machine serving both as pressure source and pressure 
gage. 

A piece of heavy tubing surrounded the specimen, 
serving simultaneously as a protection device and as : 
spacer. The desired stress state is characterized by 
the feature that the length of the specimen does not 
change during the test. Instead of separately adjusting 
the longitudinal tension, therefore, the protection tubs 
was fitted by means of spacing shims in such a mannet 
that only a few thousandths longitudinal shortening wer« 
possible, which were used up in the elastic region. For 
this purpose, the specimen was set up in the apparatus 
in such a way that it was free to shorten by a small 
amount. his was done by using copper gaskets which 
were thick enough so that when the specimen was tight 
against them, there was some clearance between the 
protection tube and the corresponding shoulders on the 
adapter and cap. Then sheet metal shims having a 
total thickness of 0.000 to 0.003 in. less than the above 
clearance were inserted into the space, thus reducing the 
clearance to less than 0.003 in. 

The diameter change during the test was measured 
with a specially built, lever-type gage, Figs. 2 and 3 
It was found necessary to equip the gage with a safety 
wire, which permitted one anvil to be suddenly pushed 
through the arm of the gage in order to protect the 
Arres dial and the lever from damage when the specimen 
broke. 

This anvil attained a considerable velocity upon 
fracture of the specimen, and a steel block was therefore 
set up in its path to prevent it from doing any harm. 

The shape of the unnotched specimen is shown in 
Fig. 1. The notched specimen had a 45° longitudinal 
notch reaching over the total cylindrical length and 
having a depth between 30 and 40% of thickness. 
Pieces of the tubing slightly over 4'/, in. in length were 
cut from the tubing supplied and roughly machined 
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from 1°°/.. = 1.72 in. outside diamrreter, and '/; in. = 
0.13-in. wall thickness to nearly the finished dimensions, 
allowing for grinding of the cylindrical surfaces and to a 
length of 4.250 = 0.001 in. After heat treatment, the 
specimens were ground on the outside to 1.650 + 0.001 
in. diameter, and honed on the inside to 1.500 = 0.001 
in. diameter using a collapsible hone, thus giving a wall 
thickness of 0.075 in. The notch was also machined 
before heat treating, but finished after heat treating 
by scraping with a tool kept as sharp as possible by 
repeated grinding. For hardening, the tubes were 
packed in a mixture of charcoal and magnesia in a con- 
tainer about 2'/, in. deep, heated 3 hr. in a Hevi-Duty 
furnace, quenched in an air lift oil tank and tempered 
for '/. hr. in a Lindberg air convection furnace. 

Tests were made primarily on S.A.E. 2340 tubing, 
heat treated at a temperature of 1450° F. (790° C.). 


Bursting Tests on Unnotched Tubing 


Before the test, the outside diameter of the tube was 
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Fig. 1—Equipment for Testing Tubing Under Combined 
Internal Pressure and Longitudinal Tension 


measured, and the wall thickness was determined with 
ball micrometers. In all cases the value taken was the 
average of ten measurements. The tubes were usually 
out of round by 0.002 to 0.003 in. and occasionally by 
as much as 0.006 to 0.007 in. Variations in wall thick- 


ness amounted to a maximum of 0.003 in. or =3% of . 


the average wall thickness. 

During the test, readings of change in diameter were 
taken for load increments of 500 Ib. until yielding began, 
and then Joad readings were taken for diameter change 
increments of 0.0025 in. These readings yielded stress- 
strain curves of the common appearance for heat- 
treated steel, Fig. 4. The first straight line is fairly 
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Fig. 2—Equipment for Testing Tubing Under Combined 


Internal Pressure and Longitudinal Tension 
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Fig. 3—Gage for Measuring Diameter Change in Testing 
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steep, and it represents the elastic part of the test. It 
changes Slowly into another almost straight and hori 
jontal line which represents the plastic part of the test. 
No maximum point, with subsequent decrease in load, 
was observed as in regular tensile tests of ductile ma- 
terials. Probably such a point did exist, but ci yuld not 
be observed because the energy stored in the oil brought 
the tube suddenly from the point of maximum load to 
shat of fracture. The value of modulus of elasticity was 
calculated from the slope of the first straight line in order 
+) make sure that no loss of pressure occurred because 
4 friction between the piston and pressure chamber. 
The values obtained varied between 28,000,000 and 
29 000,000 psi., thus agreeing with the common value of 
99,000,000 within the limits of accuracy of the method. 

The circumferential ultimate strength (U) of thin- 
walled tubing having an outside diameter (D), a wall 
thickness (f) and being subjected to an internal pressure 
») is conventionally defined as follows: 

p(D — 22) (1) 

2t 


However, more accurate results are obtained by using 
the formula for thick-walled tubing: 


ol 


U 


D- (2) 


log. — 


assuming that the maximum value of tension occurring 
at the outside surface is deciding. For thin-walled 
tubing this equation can be approximated by a simpler 
formula: 
U = p(D — t) 
2t 

which assumes linear, but not uniform, stress distribu- 
tion in the wall such that the difference between the 
stress at the inside and outside surface is equal to the 
internal pressure. Neither Equation 2 nor 5 takes into 
account the additional longitudinal stress, and because 
of this, the values obtained should be, and are, on the 
average somewhat higher than those obtained from a 
tensile test.! 

Values of per cent elongation were taken for small 
elongations from the stress-strain curves, Fig. 4 but 
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Fig. 4—Pressure-Chance in Diameter Curves}forfThin-Walled 
Tubing Under Internal Pressure and Longitudinal Tension 
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Fig. 5—Strength and Ductility of Unnotched and Notched Tubing 


elongation values for large elongations were found to be 
more reliable if determined from measurements of the 
circumference after fracture. A check on the elongation 
was obtained by measuring the thickness at numerous 
points after failure This reduction was uniform over 
the whole circumference for specimens having less than 
5% elongation; and because of the constancy of length, 
or zero strain in the longitudinal direction, the elonga 
tion (e) and average wall thickness reduction ((V) are 
then interrelated by the following equation: 


(4) 
In the more ductile specimens, the wall thickness re 
duction was found to be uniform over the major portion 
of the circumference, while local necking occurred at the 
failure and sometimes a minor necking occurred at an- 
other point also. The average of the wall thickness re 
ductions again corresponded to the elongation. 

The maximum reduction in wall thickness at the break 
corresponds to the contraction in area of a tensile test, 
while the uniform reduction in wall thickness corre 
sponds to the uniform reduction in cross-sectional area of 
a tensile bar. This uniform reduction of the more 
ductile specimens was found to be consistently between 
5 and 4°%, or approximately the same as that of the 
cylindrical tensile test bars. Also because of the gener- 
ally small values of contraction in area, the elongation 
of the tubing is not very different from the uniform 
reduction. 

The failures obtained with unnotched specimens were 
usually of the shear type and occasionally of the cup 
and cone type. Some necking was apparent even in 
the least ductile specimens. 

The stress-strain curves for the unnotched tubing, 
Fig. 4, illustrate the effect of the tempering temperature 
on the various tensile test characteristics of the steel 
tubing. The circumferential ultimate strength and con- 
traction in area are represented in Fig. 5 together with 
the corresponding properties obtained on cylindrical 
tensile test bars. For purposes of comparison, the re- 
sults for notched tubing and notched tensile test bars, 
as discussed later, have been represented in Fig. 5 also. 
Due to the limited number of tests on the tubing and 
the scattering of the results, the trend of the different 
properties is not so definite as with cylindrical bars. 
The scattering may be explained by various factors, 
such as the uncertainty regarding the actual dimensions 
at the break, or the presence of slight decarburization or 
other variations in chemical composition. These factors, 
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Fig. 6 (Le‘t)—Failure of Notched S.A.E. 4140 Tubing Quenched 
from 1550° F. Tempered at 1000° F. 25 x 

Fig. 7 (Right)—-Failure of Notched S.A.E. 4140 Tubing Quenched 
from 1550° F. Tempered at 1200° F. 25 x 


of course, are more effective in the testing of thin-walled 
tubing than in the testing of cylindrical bars. 

The values of ultimate strength for the tubing agree 
within approximately +5% with the more accurate val- 
ues of ultimate strength for rod heat treated in the same 
manner. The average of the values for tubing is some- 
what higher, almost 5%, than that for the cylindrical 
bars, and this corresponds to modern conceptions on the 
effect of a triaxial stress on the yield strength and ulti- 
mate strength of ductile metals. In fact, it was expected 
that this difference would amount to approximately 
10%.! 

On the contrary, the ductility of the tubing as repre- 
sented by the values of contraction in area is in all cases 
only a fraction of that of cylindrical test bars. This is 
particularly true for the hard tempers, which show con- 
tractions of only a few per cent, while identically treated 
cylindrical bars may possess contractions of more than 
50%. The discrepancy is less pronounced at the lower 
strength levels of 150,000 psi., where a contraction in 
area of over 20% was observed for the tubing. 

Thus, there is a considerable difference in ductility 
of a heat-treated steel depending upon whether it is sub- 
jected to uniaxial tension (in the shape of a cylindrical 
rod) or to biaxial tension (in the shape of tubing) in 
such a direction that failure will occur in the circun.feren- 
tial direction. The dependence of the ductility upon the 
tempering temperature under biaxial tension (tubing) 
appears to be much the same as in triaxial tension, the 
triaxiality being of a low magnitude, such as that repre- 
sented in a test on a cylindrical bar provided with a 
shallow (5 to 10%) notch. 

Another factor which differs for rod and tubing and 
which might be made responsible for the lower ductility 
of the tubing is the direction of fiber. While the fiber of 
a rod can be compared to a bundle of wires, a tube (and 
similarly a strip) can be visualized as being composed of 
flat leaves. The ‘transverse’ direction of inferior 
strength is any lateral direction of the rod, but only the 
radial direction, or direction perpendicular to the surface 
in the case of tubing. Therefore, the properties in the 
circun ferential direction of tubing should be inter- 
mediate between the longitudinal and transverse proper- 
ties, and not radically different from the longitudinal 
properties. This has been confirmed by some tests in 


this respect,*.* and also by some observations regarding 


the tensile properties of forgings.° 


Bursting Tests on Notched Tubing 


The test procedure for notched tubing was essentially 
the same as for unnotched specimens. 
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For the purpose of measuring the depth of the 


notch 
before the test, a pair of micrometers was fitted with a 
chisel-shaped anvil having an included angle of 4. 
proximately 40°. Diameter readings were tak, with 
the anvil placed in the notch and also adjacent to th. 
notch on each side. The depth of the notch y tiles 
as the average of the readings on each side of the notch 
minus the reading taken with the anvil inserted in the 
notch. The final value for notch depth was ken “ 


the average of ten measurements made as aboy, 
taken at various points along the length of the nos 
For the purpose of computing notch strength, the 
depth of the notch was subtracted from the wall thick 
ness measured only at the notch, rather than the average 
wall thickness around the circumference. : 

For all the notched tubes, the stress-strain (loaq 
diameter change) curves consisted only of a straight line 
up to the breaking point. Thus, all deformations jy 
the tube were elastic except for small plastic movements 
in the immediate vicinity of the notch, and as a resylt 
the per cent elongation for all of the notched tubes was 
zero. 

Because of the small elastic deflections of the notched 
tubes, it was found difficult to produce a longitudinal 
stress in the tubes by the method used in the case of the 
unnotched tubes. In order to secure the desired longi- 
tudinal stress before fracture, it would be necessary to 
reduce the clearance between the protection tube and 
the shoulders on the cap and adapter to a value below 
0.001 in., and this would cause considerable mechanical 
difficulties. Consequently no shims were used, and 
only that longitudinal stress was present which was due 
to the tendency of the notched section to contract 
longitudinally and the restraining effect of the thicker 
material adjacent to the notch. Probably the longi 
tudinal tension due to this effect is comparable to that 
produced in the unnotched specimens because of the 
same condition of zero longitudinal strain. 

As “notch strength’ (U,), the average 
strength of the notched section is introduced. 
determined by the following equation: 


D — 2t 


where ? is the internal pressure, D is the outside diame 
ter, ¢ is the thickness of the unnotched section and /, is 
the thickness of the notched section. 

The types of failure in notched tubing are illustrated 
in Figs. 6 and 7 by sections perpendicular to the axis of 
the tube. It was found that for the softer tempers, 
some contraction in area occurred at the notch. This 
quantity was calculated from measurements made with 
a micrometer microscope on a section of the tube per- 
pendicular to the axis, Fig. 7. If it is assumed that 1 
plastic flow occurs except in the immediate vicinity 0! 
the notch, the original wall thickness can be taken as the 
wall thickness near the notch after fracture. Then the 
change in wall thickness (a of Fig. 7) can be measured 
directly as the radial distance from the inside surface ol 
the tube directly under the notch to the surface of the 
tube near the notch. Such measurements at different 
points along the fracture and on opposite sides o/ the 
fracture of any one specimen agreed to within + 0.0002 
in., or +10% of their value. These values cannot be 
considered as very reliable but they illustrate fairl) 
accurately the differences in ductility for various temper 
ing temperatures. 

Thus, the notched tubular specimens yielded two 
characteristics, the average ultimate strength or ‘notch 
strength” and the decrease in thickness after failure 
which is designated as ‘“‘contraction in area’ or “‘ductil 
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ww These are included in Fig. 5, which also shows the 
wrresponding values for cylindrical tensile test bars 
sovided with a 30% notch.® 

The trend of the notch strength curve for various 
mpers Of heat-treated steel tubing differs considerably 
tom that for cylindrical bars. There appears to be a 
radual decrease of notch strength with increasing tem- 
wring temperature, Fig. 5, or with decreasing hardness 
yd ultimate strength throughout the whole range of 
»mmercial tempers, Figs. 5 and 8. In the lower 
trength levels, below 155,000 psi. approximately, the 
sotch strength is practically the same as the ultimate 
¢rength of the tubing. In this range of strength, the 
sontraction in area is 3% or higher, indicating a ductile 
ondition of the steel. With increasing ultimate 
strength, the notched specimens gradually become more 
brittle, and the contraction in area becomes practically 
ero at a strength level of approximately 190,000 psi. 
\t this point, the notch strength is approximately 90% 
{the ultimate strength or close to the yield strength of 
the tubular specimens. At still higher strength levels, 
the notch strength becomes considerably lower than the 
ultimate strength of unnotched specimens, the minimum 
ratio being approximately 70%. 

The following differences are apparent from Figs. 5 
and 8 regarding the notch strengths of tubular and 
cylindrical specimens: (@) The values obtained on 
tubing in the brittle range scatter considerably less for 
tubing than for cylindrical specimens. This can be ex- 
plained by the fact that the strain in tubing is sym- 
metrical by the nature of the loading while the problem 


f centering circular tensile test specimens has not been 
slved as yet. Thus, additional bending strain originat- 
ing from eccentricity and causing excessively low values 
f notch strength should be absent in tubing. (4) In 
tubing, the brittle range extends to considerably lower 
ultimate strength levels than in cylindrical bars. Steels 
having an ultimate strength as low as 150,000 psi. have 
alow ductility if tested as notched tubing. 

In considering these results, it must be kept in mind 
that the severity of the type of notch investigated in 
the tubing is difficult to estimate, but the notch is 
probably not particularly radical. However, it is 
dificult to produce sharper notching, e.g., notches on 
both the outer and inner surfaces. The stress state in 
notched tubing is generally not known, but the small 
difference between the notch strength of ductile tubing 
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Fig. 8—Relation Between Notch Strength and Ultimate Strength 
of Tubing © 


and the ultimate strength of unnotched tubing indicates 
that the average value of the radial stress which retards 
the plastic flow is small at the moment of failure. On 
the other hand, a substantial circumferential and radial 
stress concentration may exist in a small area, thus 
accounting for the brittle behavior of otherwise ductile 
steels. 

The testing of tubing yields the conclusion that the 
combination of conditions present in notched tubing 
favors the embrittlement of otherwise ductile steels to a 
higher extent than any other set of conditions which 
has been investigated up to the present time. High- 
grade alloy steels, such as $.A.E. 2340, become noticeably 
brittle if they are heat treated to a strength level of 
150,000 psi. or higher and subjected to internal pressure 
when in the form of notched tubing. 


Tubing Provided with a Double Notch 


From the previously discussed tests on tubing notched 
on the outside surface only, the conclusion was drawn 
that such a notch constitutes a powerful embrittling 
factor. The circumferential strength of the notched 
section was found to be identical with the ultimate cir- 
cumferential strength of unnotched tubing up to a 
strength level of 150,000 psi. At higher strength levels, 
however, the notch strength was less than the ultimate 
strength, to an extent increasing with increasing strength 
level, indicative of a corresponding increase in notch 
brittleness. 

On the other hand, it was surprising that such a notch 
did not cause an increase in strength for the ductile con- 
dition. Such an increase should be expected from the 
presence of an average transverse (radial) stress, which 
is considered as one of the decisive factors regarding the 
er brittlement of steels. 

Therefore, both an increase in notch strength of the 
lower strength levels and a decrease in strength and/or 
ductility for the higher strength levels were expected 
for specimens provided with a double notch. 

Considerable inaccuracy was unavoidable due to the 
difficulties of machining such notches. The two notches 
are quite likely to be not exactly opposite each other. 
Furthermore a slight error in the depth of the notch 
causes a considerable error in the per cent notch depth 
when the wall is quite thin. For the purpose of com- 
parison it was intended to have 30% of the thickness or 
cross-sectional area removed by notching for each of 
the notched tubes (15% by each notch for the double 
notches). Actually, this “notch depth” varied from 23 
to 52% for all the tests made on tubing. In spite of 
the expected difficulties, the notches were machined 
with as great care as possible, with the hope that the 
effects would be large in comparison to the inaccuracies. 

The preparation and testing procedure for the speci- 
1rens with double notches were identical with the pre- 
viously described procedure except for the following 
iterrs. The outside notch was made with a milling 
cutter, and the inside notch was made using a boring 
bar mounted on the carriage of a lathe. The thickness 
of the section remaining after notching was measured 
by means of a large micrometer with chisel-shaped 
anvils on both ends. The anvil on the spindle end had 
to be provided with an accurate seat, so that the spindle 
could rotate in the anvil. 

The results of the tests are tabulated in Table 1 and 
plotted in Fig. 9 (along with previous results on tubing). 

It can be concluded from these results that tubing 
with a double notch does not show any greater tendency 
toward embrittlement than tubing with a notch on one 
side only. 
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Fig. 9—Bursting Strength of Tubing Provided with a Double 
Notch and of Notched Tubing Machined from Rod 


Table 1 
Tempering Temp. Notch Strength, Notch Depth, 
S.A.E. No. (1/2 Hr.) F Psi % 
2340 800 216.000 38 
2340 1200 152,000 37 


The notch strength values, however, are considerably 
higher for tubing provided with a double notch than 
those for single notch tubing. 

Thus it can be concluded (a) that a double notch is 
not a more severe embrittling factor than a single notch, 
but (5) that he strength-increasing effect, which is pre- 
dominant 1n the ductile condition, only occurs when the 
notch is on both sides. 


Tubular Specimens Machined from Rod 


As discussed, the embrittlement of tubing in the 
circumferential direction by the presence of a longi- 
tudinal notch (or a longitudinal double notch) is much 
more pronounced than the embrittlement of rod in 
the longitudinal direction by the presence of a circum- 
ferential notch. While the tensile strength of rod is 
not decreased by notching unless the strength level of 
the steel is materially higher than 200,000 psi., the 


bursting strength of tubing is adve rsely affected by 
ing, when the strength level is raised above 
150,000 psi. 

A possible explanation for this different beh,» 
offered by the different fiber structure of rod and + 
The longitudinal direction of rod is the direction , 
which is generally characterized by strength pro; 
superior to those of any other direction. On ¢] 
trary, the circun ferential direction of tubing j< 
mediate between the longitudinal, or fiber direct), 
the principal transverse (or radial) direction, wh 


a 


sumably should possess particularly low-strength p; 


ties. 
In order to investigate the validity of these 
tions a few tests were made on tubular sne 


1.375 in. in outside diameter and 0.063 in. wall thi 
obtained by boring the center out of solid 1!/,-in 
ter rod otherwise treated and provided with a not 
the outside only in the same manner as the tubin; 


The results of these tests are tabulated in 7 
and plotted in Fig. 9 along with the previous result 
tubing. 

Table 2 
Tempering Temp., Notch Strength, 
S.A.E. No > Psi 
23240 R00 164.000 
2340 1200 126,000 


The notch strength values determined for the tu 


specimens machined from rod closely 
of tubing, 
definitely 


agree with 
other conditions being identical. It 
concluded from these results that th: 


sensitivity in the transverse direction of rod is no gr 


than that in the circumferential direction 


No explanation can be given for this surprising result 
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Fatigue Tests on Arc-Welded 3 % Nickel 
Steel 


By F. W. Thorne,* B.Sc., A. Hunter,' Ph.D., and A. J. Hipperson‘ B.Sc. 


Introduction Plate. Analysis, Preparation and Procedure 


Although a good deal of information is available on the The necessary plate material, | in. thick, was received 
atic properties of welded joints in 3 per cent. nickel steel, in a normalised condition, with a Brinell hardness of 200, 
the behaviour of such joints under conditions of fatigue and the following analysis : 


ading has not previously been investigated. These tests per cent per cent 
vere carried out in order to determine the fatigue limit Carbon 0.32 Phosphorus 0.02? 
f butt joints welded with various types of electrodes, the Manganese 0.55 Nickel 3.97 
sjates being subject to different forms of heat treatment Silicon 0.20 Chromium 0.07 
afier welding. Sulphur 0.027 Molybdenum 0.02 


it would have been preferable from the practical point 


of view also to have tested a series of unmachined joints. The plate was first cut into pieces 18 in I2in. Seven 
but it was decided that in view of the testing difficulties © these pieces were machine cut along the centre in order to 
‘avolved, and the enormous number of tests which would Provide two coupons each 18 in. » 6in. and prepared with 


have had to be carried out to arrive at uniform and conclusive © inclusive vees for butt welding 
results, the present tests should be confined to machined The welds were prepared without preheat, using a run of 
and polished parallel-sided specimens of circular section, 8 5-W-G electrode followed by two runs of 6 S.W.G. to 
cut from butt welded plates, } in. thick Thus, any variations ll the vee, and an 8 S.W.G for the sealing run on the back 
» build-up of the weld, or undercut at the edges of the The mild steel electrodes were used with direct currents of 
weld had no effect on the.fatigue results 145 and 175 amps. for the 8 and 6 S.W.G. rods respectively, 
and the austenitic electrodes with 115 and 155 amps 
2 respectively. A little difficulty was experienced in judging 
Scope the angle at which the coupons had to be set for welding, 
The programme included fatigue tests on the steel in the and two of the plates (Nos. 6 and 7) had to be straightened 
following conditions : after welding, this being done during heat treatment 
|. Unwelded. 
As welded with mild steel electrodes. HEAT TREATMENT 
As welded with austenitic 18 8 chromium-nickel After welding, plates Nos. 6, 7, and 8 were oil quenched 
electrodes. from 830° C , tempered for one hour at 500° C. and cooled 
4. Welded with mild steel electrodes and stress relieved from the tempering temperature in oil, this treatment being 
5. Weided with austenitic electrodes and stress relieved calculated to produce a tensile strength up to 60 tons per 
6. Welded with austenitic electrodes and hardened and inch in the plate material Plates Nos. 4 and 5 were stress 


4 


tempered. relieved for one hour at 550° C immediately after welding 
7. Welded with mild steel electrodes and hardened and After heat treatment, the plates were cleaned and 
tempered. magnetically examined for cracks on both sides, both parallel 
8. Welded with high tensile steel electrodes and hardened and at right angles to the weld No cracks were revealed by 
and tempered. this examination 


In conjunction with the above series of fatigue tests, 
static tensile tests were carried out on two broken ends from FORM OF TEST PIECE. 


each set of six fatigue specimens Fig. | illustrates the fatigue test piece after final machining 
Six of these test pieces were machined from each plate, 

* Professor of Applied Mechanics, Royal Naval College, Greenwich aking 48 iwue 
+ making a total of 48 fatigue specimens in all It will be 
> Experimental Officer, Armaments Research Dept., Woolwich noted that the parallel portion which contains the weld is 


WELDED PLATE 


Fig. 1. Fatigue test specimens for arc-welded high tensile steel plates 


Reprinted from the Institute of Welding Transactions, March 1944. 


357-s 


tal 
] 
1S 
ter 
Sa) 
rT 
I 
1 
) 
3 
~ 
n 
tel 
tch & 
ae 4 
is 
J 
TEST SPECIMEN | 
j 
| | 
| 
| 
° 
ch shes 
weld heat - affected 
Zones 
in 
jr 


rABLE | TABLE Il 
Tensile Test on Parent Plate. Tensile Tests on Specimen Cut from Screwed bn, bat 
of Fatigue Specimens. 
Limit of Proportionality 18.0  tons/sq. in 
Yield Stress 25.6 tons/sq. in Ultimate Ten- ad 
Ultimate Tensile Stress 40.5 tons/sq. in. Specimen} Yield Point sile Stress Flongat 
Modulus of Elasticity 12,700 tons ‘sq. in No \Stress (tons (tons in.*) on | 
ts Elongation on 8 inches 12.9% 1/5 28.6 | | 44.9 | 23.2 aa 
26.8 >279 42.6 +44.0 22.4 $235 Th 
1/4 28.4 | 44.5 24.8 
scatt 
2 inches long and 0.35 inches in diameter, with a gradual | ae 3 Pe 43.0) | 00 that 
7 transition of 2 inches long at either end to the } in. gas threads 24 28.8 res > 43.8 f 43.4 | yoo f 96 | det 
Cee which screw into the jaws of the fatigue machine | - | cax 
aii 3/4 28.1) 43.5) | 248 yor 
Test PROCEDURE. 3/5 27.2 42.5 >42.9 | 24.8 $24.8 
Preliminary tensile tests were carried Out on specimens 36 27.4 ) 42.7) | 24.8 art 
cut from an unwelded plate of the parent metal, the results 
of which are given in Table 1. 41 28.3 | 28 5 41.1 ivr a nal 
All fatigue specimens were tested in the Haigh electro- 42 | 28.8 f “ 41.2/ 26.4 | in 
magnetic 6-ton fatigue machine, being subjected to alternating - -———— J ped 
stresses (equal push and pull) at a frequency of 3,000 cycles Si2 28.9 Lag 41.8 Lay ‘ 22.4\, he 
per minute. The first batch of specimens tested were those 5/5 mai ai; | 27.1 ; 
cut from the unwelded plate, and subsequently the various #—— ——______—— : 
batches of welded specimens were tested. After fracture, 6/2 | 43.8 436 51.6 \ 570) 16.0\,, 
one half of each specimen was etched so that the position of 6/3 43.4,f °° a iar 17.6 f- 
the fracture relative to the weld could be seen. Tables 3 j~OO--——4—________—__ ee eae 
and 4 give details of the endurance in cycles at each value of 7/1 | 44.7 Las 0 52.4 \ «9 7 16.0) , — 
alternating stress used, and the positions of fracture of the 7/3 25 53.0 f ~~ 16.0 f° 
welded specimens are recorded appropriately. — — _ \ 
As the fatigue tests proceeded, it became apparent that 8/3 38.5 382 47.0 470 
in some cases, the fatigue limit of the welded plate approached 8/4 | 37.9 ' creed 46.9 f ” may" 
and even exceeded that of the unwelded plate. Accordingly, 
tensile pieces were cut from the screwed ends of the specimens. 


The results of these static tensile tests are shown in Table 2, the 
and it will be seen that the ultimate tensile strength of the Y@™eS OY >.4 per cent. in the “ as received conditiot 
un-heat-treated parent plate varies from 44.0 to 42.5 reasonable to expect a similar variation in the fatigue limit 
tons/sq.in., a variation of 5.4 per cent. Similarly, the for 

elongation after fracture varies from 24.8 per cent. to 19,2 © fatigue limit with mild steel electrodes ts 0+ I2 
per cent., giving a variation of 22.6 per cent. As the fatigue '©7S/S4.In.. all the specimens breaking in the centre of 
limit will doubtless vary with varying tensile strength, caution teduced to 0 6 4 
must be exercised in comparing the fatigue strength of the DY Stess Freleving. e effect of hardening and tempering 


welded specimens with that of the unwelded plate the plates welded with mild steel electrodes is apparently 
Figs. 2, 3 and 4 show the range of stress plotted against small; it cannot be exactly specified without further t¢ 
endurance in cycles. the latter being on a log scale : since OWing to an error in the serial number of these specimen ) 
the stresses selected are not so well chosen as they would 
otherwise have been, and no endurance greater than 04 
Analysis of Results millions was obtained. 


The fatigue limit of the joint welded with austenitic 

The fatigue limit of the unwelded plate is. approximately electrodes is 0+ 17 tons ’sq.in., which is slightly higher than 

0+ 16.6 tons sq.in., giving a ratio of fatigue limit to ultimate the plate itself. This is probably explained by the rather 

tensile strength of 0.41 As noted earlier, however, since large scatter of the test results, coupled with the 5.4 per cent 
the ultimate strength of the plate used in the series of tests variation in ultimate tensile strength of the material 


received. Stress relieving increased the 
a strength by a further small amount to 
tte 0: 17.5 tons/sqg.in. Most of the frac 
ies! tures in the specimens welded wit! 
austenitic electrodes were in the plat 
adjacent to the weld—details of fail 
a) ee are given in Tables 3 and 4 
High tensile steel electrodes produced 
| WELDED PLATE a joint giving a fatigue limit o! 
= — — zo 0 13.6 tons/sq.in. after hardening an 
a tot STRESS tempering. 
te} 
Conclusions 
O] tet The general conclusion to be draw! 
4 is that austenitic electrodes can 
a; + joints in 3 per cent. nickel steel, t 
a fatigue strength of which closely eque 
oe os 1° that of the parent metal itself. Hea! 
Enpurance 10* Crees treatment after welding has little effe 


on the fatigue strength of these join! 


Fig. 2. Fatigue tests—3°, nickel steel—welded with mild steel electrodes Joints produced with mild stee! 
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, fall short of the fatigue limit 

:rent plate by about S tons ‘sq.in., 

sieving or hardening and tem- 

having very little effect This 

that the amount of alloy 

1 into the mild steel weld metal 

been very small, otherwise it would 

been reasonable to expect a much 
ensitivity to heat treatment 

he test results showed rather a large 

on the whole, but it is obvious 

the error introduced. into the 

tion of the fatigue limit in each 

rom the graphs is small com- 

with the differences in fatigue 

eneth exhibited by the different 

electrodes 

Hardness readings in the hardened 

zone adjacent to the weld were not 

taken, but from previous experiments 

on similar compositions the maximum 

nardness obtained would probably be in 


the region of 350 D.P.H. It is interesting Fig. 3. Fatigue tests—3°., nickel steel, welded with 18/8 Cr-Ni austenitic electrodes 
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Rance 


Ewpurance Cycies 


TABLE 


Summary of Fatigue Tests 


Stress Cycle | Endurance Position of Fracture 


Remarks 
(tons /in*) 10° Cycles 


0+ 18 0.378 
/ 0417 4.474 
Unwelded 0+ 16.5 
Plate 0+ 16.75 
0+ 16.6 
0+ 16.6 
0+ 13.0 0.198 Weld centre 
0412.0 > 16.978 
0112.5 0.472 Weld centre 
0 + 12 25 ? 600 | Weld centre 
0+12.1 5.120 Weld centre 
0+12.05 1.102 Weld centre 


Unbroken 


Buckled, unbroken 
Broke tn thread 


As welded 
with Mild 
Steel 
Electrodes 


Unbroken 


0+£13 > 21.060 Unbroken 

0+17.5 1.360 Weld centre 

0+14.0 > 12.744 

0417.25 1.360 Weld centre - 

0+16.0 > 12.446 Unbroken 

0+170 14.500 Between weld and plate (not Plate appeared to be 
in fusion zone) laminated 

Between weld and plate con 

tinued through both 
0+17.0 13.058 Weld centre 
0+17 25 0.020 Weld centre 


- 


Unbroken 
As welded 
with 18/8 
Cr=<N1 
Austenitic 


Electrodes 0+18.0 0.240 


= 


Heated in last stages 


Welded with 0+ 13.0 0.882 
Mild Steel 0412.0 0.408 | Weld centre 
Electrodes 0+11.75 1.138 Weld centre 
and Stress O+11.5 >21.422 | 

Relieved O+11.75 8.938 


Weld centre 


Unbroken 

Weld centre Fractured through small 
gas-hole 

Fractured through small 
gas-hole 


0412.0 0.578 Weld centre 


Welded with +17. 10.092 Through weld Rugged fracture 
Austenitic | 14 18, 0.054 


Mainly in plate Plate appears laminated 
Electrode, ; > 6.486 Broke in thread 
Stress : 2.342 


: : Partly in plate, Heated in last stages 
Relieved partly in weld 


0.040 Mostly in plate Rugged fracture 
0.356 Through plate and weld Plate appears laminated 
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TABLE IV 


Specimen Stress Cycle | Endurance te 
No. (tons/in*) 10° Cycles Position of Fracture Remarks 
6/1 9.528 Unbroken 
6/! O+14 > 9.400 _ Unbroken 
6/1 O+15 > 12.264 — Unbroken 
6/1 0O+16 9.172 Unbroken 
6/1 O+17 0.454 Weld centre | 
Welded with 6/2 O+17 3.706 Weld centre Heated before fracture | 
Austenitic 6/3 0416.5 0.112 Weld metal Small inclus 
Electrodes. 6/4 0+16 0.540 | Fusion zone Plate laminate 
Hardened and 6/5 0415 13.574 | Unbroken 
Tempered 6/5 0+15.5 11.944 Unbroken 
6/5 0416 17.190 | Unbroken | 
6/5 0-+16 5 13.836 - Unbroken 
6 5 9.022 - Unbroken 
6/5 0+4:17.5 3.336 Plate and weld — 
6/6 0+16.5 | 3.038 | Plate and weld Plate laminated | 
Welded with 7/1 | 0070 | Weld centre | 
Mild Steel 7/2 O+417 0.114 | Fusion zone 
Electrodes. | 7/3 0416 0.286 Weld metal | Flaw in weld 
Hardened and 7/4 0.304 Weld metal 
Tempered 7/5 O+14 0.376 Weld metal 
7/6 0+-12 0.332 Fusion zone 
Welded with 8/1 O+14 8.072 
High 8/2 0+16 0.18 Weld metal — | 
Tensile 8/3 0+14.5 | 5.280 Fusion zone on | 
Electrodes. 8/4 O+14 5.918 Fusion zone oa | 
Hardened and 8/5 02135 | 0 388 Weld metal Flaw in weld 
Tempered 8/6 0+13.5 | 1.216 Fusion zone | Flaw in weld | 
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Fig. 4. Fatigue tests—3°%, nickel steel, welded with high tensile electrodes 


to note that in spite of the presence of this hard zone, 
no premature failures were obtained, and very few failures 
took place which indicated that the hard zone influenced 
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in any way the 
failure took place. 
It is not suggested that the fatiz: 
limits arrived at in these tests should 
be used for design purpose 
would necessitate a much longer 
programme of tests on unmachined 
joints ; the present tests were carried 
out on machined and polished speci- 
mens, the results in the main estab- 
lishing the fact that joints made with 
austenitic electrodes in 3 per cent 


manner in which 


nickel steel have far superior fatigue 
resistance tO joints made with 
mild steel electrodes, and that under 
the conditions of these tests the 
fatigue strength of the normalised 
per cent. nickel plates is equalled 
by the austenitic weld deposits 
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Studies on Stress Corrosion Cracking 
of Austenitic Stainless Steels, 


Types 347 and 316 


By M. A. Scheil,* R. A Huseby' 


N AN article entitled, “New Developments in the The CaCl used was technical grade. 
Field of Stainless and Acid-resisting Steels,’’ by G. Solution 1, 420, CaCh + 0.10% HgClh boiling at 250° F. 
Riedrich, Metallwirtschaft, Vol. 21, pages 407-411, was characterized by a very marked pitting attack as 


Table I 


T ype 347 Type 316 Type 317 


Cold Cold Formed Cold Cold Formed Cold Cold Formed 
Formed & Annealed* & Formed & Annealed* & Formed & Annealed* & 
Stressed Stressed Stressed Stressed Stressed Stressed 
olution 1 12 hr $2 hr 12 hr $2 hr 
= hs hr ( No cracking No cracking 
Solution 3 14 hr 14 hr 14 hr 7 hr 16 hr. 7 hr. 


ng Treatment 1600° F.'/>hr. Air Cool 


S-S steels containing ferrite are claimed to be 
much more resistant to cracking in boiling CaCl, solu- 
tions than the wholly austenitic alloys. In an effort 
to check this statement several heats of 18-8 Cb and 
‘-S Mo were tested in boiling CaCh and MgCl. solu 
tions. Heat analyses are as follows: 


Type C Mn Si Cr Ni Cb Mo 
316 0.06 1.18 0.42 18.35 10.52 9.55 
347 0.08 1.75 0.32 17.55 11.48 0.93 

317 0.06 26 0.53 18.88 9 20 3.65 


Laboratory No. 167 was magnetic and metallographic 
examination disclosed about 25 to 33°, ferrite. No 
lerrite could be detected in the other two analyses. 


Experimental Procedure 


_ Three types of solutions were used in testing. The 
horseshoe bend specimens were stressed to 40,000 + 5000 
psi., outer fiber stress in all cases. 

12% CaChk + 0.1% HgCl. B.P. 250° F 

42° CaCl, B.P. 250° F. 

tion 3 MgCl solution B.P. 309° F. (154° C. 


Solution 3 is made with 1375 grams of MgClh-6H.O 
id 1o0 ml. of distilled water and adjusted to boil at 
ot” C. under reflux. 


lable 1 indicates the time to crack in each of these Fig. 1-1 X, 9380. Types 347 and 316 
solutions, ah 
* Director of Metallurgical Research, A. O. Smith C poration 


! earch Metallurgist, A. O. Smith Corporation 
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Fig. 2—-1 X, 9396. Type 316 
Type 316 run alone in flask. In test 42 hr. 
Pitting took place in first few hr. of test. 


ence to the Type 316. Figure 2 shows a Type 3 
had been run alone for the same length of time. 
is pronounced. Figure 3 shows the cracking « 
by the same sample. 

Solution 2, 42% CaCl boiling at 250° F., s] 
pitting attack whatsoever. Types 347 and 31; 
after 29-77 hr. Type 317 has shown no ten 
crack in this solution in 249 hr. of boiling. Cra 
very numerous in Type 316, not so numerous } 
severe in Type 347. 

Solution 3, MgCl, boiling at 309° F., was the: 
determine the cracking propensity of Types 316 
in this medium. Numerous cracks appeared 
types after short test periods. 

The MgClh-6H.O used for these tests was 


Fig. 3—7 X, 9395.—Type 316—Cracking After 42 Hr. 42°% CaCl, + 0.1% HgCl 


can be seen by Figs. | and 2. This pitting was appar- 
ently associated with the reduction of the mercuric 
salt for it ceased after the mercuric salt had been reduced 
to the metal. The four samples of Fig. | were run in two 
flasks with one alloy of each type (347 and 316) in each 


flask. As can be seen the 347 was attackedjin’ prefer- 


Fig. 4250 X, 9529. Electrolvtic Hydrochloral Etch. Type 
347 


Cold formed and stressed. Run 42 hr. in 42% CaCl, + 0.1% 
HgCl,. 
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by the Dow Chemical Co. Their analysis of 1 
was reported as follows: MgO—0.031°%, 
19.4%, Na—0.36%, Ca—0.32%. 

Elements as Impurities (determined spectrog 
ally): 


0.5% Cr--not detectabk 
0.05-0.5% Li-—not detectabk 
0.005—-0.05% K—not detectabk 
0.001-0.005% Mn—not detectab! 
0.001-0.01% Ni-—not detectabl 
0.001-0.01% Pb-—not detectabk 
not detectable Sn—not detectabl 
not detectable Zn-—not detectabl 


Fig. 5—100 X, 9528. Electrolytic Oxalic Acid Etch. Typ 


Cold formed and stressed. Run 42 hr. in 42% CaCl 
HgCl, 
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Table 2—Test Results on Zinc-Coated Sheets 


Electrode Water 


Average Electrode | 
Meta! coating Welding Welding tip Gauge pressure cooling Breaking 
thickr thickness time current diameter | pressure | (ibs. per (gals. per load 
inch (inches). (cycles). (amps.). (inches). | (Ibs.). sq. in.). minute) (Ibs. per spot) 
029 «| 13 8,000 400 14,600 | 710 700 
700 710 
720 
0,029 0.0009 13 10,400 } 450 9,150 | 1 | 890. 960 
|; 950 950 
| 950 
0.039 0.0012 19 10,400 } 450 9,150 | |1,200 1,220 
1,160 1,190 
| | 1,230 
0.049 0.0009 27 9,100 } | 450 9,100 | 11,370 1,420 
'1,330 1,410 
1,390 
0.060 | 0.0005 50 8,800 | } 500 10,000 l 12,570 2,540 
| 2.610 2,670 
| 2,580 
0.030 | 0.00024 | 65 8,600 | 4 | 550 7,150 3,550 3,470 
| 3,420 3,620 
| | 3,660 


sttings for spot welding the various sheets, the aim was 
toward high-current short-time welds. Table | gives a 
ist of the best spot-welding conditions established in 
hese tests for each surface preparation. 

Only in the case of the bonderized surface could no 
weld be obtained. In all other cases welds were obtained 
by suitably adjusting the machine settings, but in some 

ses extremely high electrode pressures were required. 

In the case of those surfaces which permitted reason- 
ibly good spot weldability, production runs were made 
to ascertain to what extent the electrode tips were fouled 
bv the surface preparations. 

Corrosion Tests.—Spot-welded samples of the various 
coated sheet steel were subject to corrosion tests in a 
salt spray bath to ascertain the extent to which the weld- 
ing process had interrupted the continuity of surface pro- 
tection. This test was not carried out to compare the 
lifferent coatings, since the salt solution would not have 
1 consistent effect upon the different coatings; it was 
idopted as the most convenient and accelerated corrosion 
test available. No attempt was made to examine the 
lamage which the inside surfaces had suffered in the prox- 
imity of the spot. 

Carbon Estimations.—Representative samples of the 
sheet used in the experiments were analyzed for carbon, 
the values obtained ranging from 0.040 to 0.080%. The 
highest value was obtained on the '/,.-in. thick sheet 
which had been electro-tinned. 


Summary of Individual Tests 


Sherardized Sheet—I1t was found that the surface re- 
sistance of a single sheet under a load of 400 Ib. using 

in, diameter electrodes was, for all intents and pur- 
poses, zero, and that, under normal spot-welding condi- 
ions, satisfactory spot welds could be produced. How- 
ever, the coating tended to adhere to the electrode tips, 
causing them to stick to the metal, although this was 
much less pronounced after 20 to 30 welds had been made. 
lhe use of rather low welding pressures allowed a reduc- 
bon in welding current, which still further reduced the 
sticking tendency. 
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SPOT WELDING RUST-PROOFED STEEL 


Very slight rusting was obtained on the surface of the 
spot welds in the salt spray tests. 

Parkerized Sheet-—A series of surface resistance meas 
urements taken on a single sheet gave values ranging 
from Oto 12ohms. It was found that when low electrode 
pressures were used in the spot-welding tests, the coating 
frequently prevented the current from passing through 
the sheets. The electrode pressure was increased in in- 
crements up to 18,3500 psi., and although spot welds 
were then obtained, slight variations in coating thickness 
occasionally prevented welding. It was not possible 
consistently to prevent sparking from between the sheets 
at the commencement of the weld, due to the high sur 
face resistance. The electrode tips soon became fouled 
by the surface, which rusted severely in the vicinity of 
the spot in subsequent salt spray corrosion tests. 

It was concluded that the surface did not permit satis 
factory spot welding on large-scale production. 

Browned Sheet.—Suriace-resistance measurements un- 
der the standard conditions for these tests were found to 
give values ranging from 0.5 to 17 ohms. It was im- 
possible to obtain welds in the '/j-in. thick material, but 
in the 24 s.w.g. sheet welds could only be obtained occa- 
sionally. In the latter case weld strength was uncertain, 
and electrode tips soon became badly pitted. It was 
concluded that this surface preparation was unsuitabk 
for spot welding. 

Brunofixed Sheet.—A series of resistance readings on a 
single Brunofixed sheet gave values from 1 to 200 ohms. 
A high electrode pressure was necessary to obtain a spot 
weld, but excessive sparking occurred, and the electrode 
tips became badly pitted. 

Electro-Tinned Sheet.—-Resistance measurements 
showed that the electro-tinned surface under spot-weld- 
ing conditions was of zero resistance, and that spot weld- 
ing could be carried out, although the tips tended to 
stick to the sheet after welding. A production run 
necessitated tip cleaning every 100 welds. The 
rosion resistance of the surface was considerably reduced 
in the vicinity of the weld. It was concluded that, al 
though electro-tinned sheet can be welded, the 
sticking of the electrode tips would be objectionable in 
production. 
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Electro-Zinc Coated Sheet-—No measurable resistance 
was indicated by the surface-resistance measurement 
tests on this sheet. Good spot weldability was obtained 
and corrosion resistance was only slightly impaired in 
the vicinity of the spot welds. 

Galvanized Sheet.—The coating had the usual incon- 
sistencies in thickness. The resistance of a single gal- 
vanized sheet under the standard conditions of these tests 
was zero. The electrode tips tended to stick to the sur- 
faces during the spot-welding tests, and the tips became 
fouled asa consequence. The salt spray test showed that 
very slight rusting occurred in the vicinity of the spot 
welds. Due to the fact that the electrode tips pick up 
and become fouled, the strength of spot welds produced 
in a production run falls off rapidly, and it is recom- 
mended that the tips should be cleaned after every 50 
welds. 

Bonderized Sheet-—The resistance of a single bonder- 
ized sheet varied from 0.25 to 9.5 ohms. No spot welds 
could be produced in this material. 

Conclusions.—The results obtained in these tests are 
tabulated for reference purposes in the form of a chart 
(Table 1). It will be noted that shear strengths and 
welding times are given for both thicknesses of sheet, ex- 
cept in the case of the bonderized material. It is felt, 
however, that the shear strength value is dependent on 
the composition of the steel used, and the welding time 
on the thickness of coating. The values given, there- 
fore, should only be used in practice as a guide to weld 
strength and correct machine settings. 

Satisfactory weldability was obtained only with those 
surfaces whose electrical resistance approximated to 
zero—i.e., sherardizing, electro-tin, electrozine and gal- 
vanizing. 

It was thought that the electrode tip pressure might 
be sufficient to break down the surface resistance of some 
of the other surfaces, but such was not the case. 

Of the above surfaces, that which suffered most from 
the point of view of damage to corrosion protection in the 
spot vicinity was electro-tin. The other three surfaces 
underwent only slight damage. 

Electrode redressing was normal in the cases of the 
sherardized and electro-zinc surfaces. Electro-tin neces- 
sitated electrode redressing every 100 welds, and the gal- 
vanized surfaces every 50 welds. 

Spot-weld strength with the above four surfaces was 
approximately the same as for uncoated mild steel. 
Weld strength in the other four surfaces was erratic, in- 
dicating that the weld sizes produced were inconsistent. 

Recommendations.—From the production point of 
view, sherardized and electro-zinc surfaces are recom- 
mended when rust proofing of components must be car- 
ried out prior to spot welding. 


Appendix 
Further Tests on Electro-Zinc Coated Sheet 


In view of the promise shown by the zinc coating in 
the fotegoing exploratory tests, it was decided to carry 
out further work on the spot-welding characteristics of 


this type of surface preparation. The thickness of coat-, 


ing was thought to be variable, and indeed two sets of 
plates coated by different firms both had,coating thick- 
nesses varying between wide limits, in spite of the fact 
that the coating thickness asked for was 0.0003 in. 

The material used in these tests was as follows: 


22 and 20 s.w.g. auto-body quality pickled sheet 
18, 16 and 14 s.w.g. single pickled sheet 
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Fig. 1—Macrosection of Cross Section of Weld, Showing Jack o) 


Blowholes 
Selection of Material.—It was observed when carryiy 
out the tests that the average breaking load of the spo} 
welds in '/j-in. thick sheet was considerably lower tha; 
that obtained in previous tests on material of sin jlar 


thickness. The steel sheets used on these tests wer 
analyzed, and the material giving the higher weld shear 
strength had abnormal phosphorus and sulphur cop- 
tents. It appears, therefore, that the shear stre: 
values of the spot welds may be effected by the comp 
tion of the steel used. 

The average thickness of zinc was determined by) 
chemically removing the coating, and from the values 
obtained it would appear that for a required thickness oj 
0.0003 in. the maximum thickness obtained may con 
siderably exceed this value. The actual thicknesses oj 
zinc coating on the various test samples were : 


Metal Thickness, Coating Thickness, 


In. In. 
0.029 0.0009 
0.039 0.0012 
0.049 0.0009 
0.060 0.0005 
0.080 0.00024 


Pressure—A number of welds made in various thick 
nesses of zinc-coated sheet were sectioned and examined 
under the microscope. It was found that all the se 
tioned welds were free from gas cavities and blowholes 
A typical section is illustrated in Figs. 1 and 2. The 
presence of the zinc coating may be responsible for the 
soundness of the welds. 


Fig. 2—Micro-Structure of Weld Taken at a Higher Magniti- 
cation 
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In one series of tests the pressure range was varied 
from 500 Ib. to 450 Ib. (S000 psi. to 14,000 psi. tip pres- 
sure), aud all welds when sectioned were free from blow- 
holes. Excessive electrode tip pressure should be 
avoided, since it causes the zine to burn round the edge of 
the el trode tip. 


Effect of Electrode Pressure on the Zinc Content of the 
Spot Weld 


A spectrographic examination of the material in the 
‘used portion of the spot welds was carried out in order 
to determine what effect difference of electrode pressure 
had on the zine content of the weld metal. From the 
s1 all number of samples examined it would appear that 
rore zine is retained in the material at high rather than 
low pressures. The nature and distribution of this zinc 
within the weld structure is difficult to determine, but, 
cording to Osawa and Ogowa,' as much as 18% of zine 
n ay be retained in solid solution in steel at room temper- 
ature 

Welding Current.—High welding currents cause the 
coating to spit and splutter, and in the case of zinc- 
coated sheets a black film, thought to be a zinc-iron com- 
pound, is formed on the inside surfaces. This film may 
be found to spread over a considerable area surrounding 
the weld.. The most suitable welding conditions are de- 


t’‘X-Ray Investigation of Iron and Zine Alloys,”’ Sci. Rep. Sendai, Ser. 1, 
18, 165-176 (1929). : 


Foreign Welding Literature 


(Continued from page 363-s) 


slowly. For low-temperature welding, preheating to 
100-450" C., 1s sufficient in most cases; the filler rod is a 
close-grained special alloy cast iron containing a little 
nickel. A flux paste is applied to the work after it has 
been lightly heated. A torch of normal power is held at 
1 fairly flat angle to the work, and the metal is raised 
locally to a bright red heat (about 850° C.); the end of 
the rod is then melted, when it should spread out and 
eflectively cover the area directly under the torch flame. 
Stirring or puddling with the rod is not required with 
this welding as the parent metal is not melted. (Ab- 
tracted in Bull. of Iron and Steel Inst., 1944, Feb., p. 
131A.) 


AUTOGENE AUFTRAGSCHWEISSUNG VON SCHNELLSTAHL- 
SCHNEIDEN. (BUILDING UP HIGH SPEED TOOL STEEL 
By Gas Ill. Zeitschrift fir Schweiss- 
lechnik, vol. 33, 1943, Oct., pp. 231-234; Dec., pp. 
283-284. (Translated in Welding, vol. 12, 1944, 
Feb., pp. 106-107 and 118). 

The author outlines the deposition by gas welding of 
high-speed tool steel. The first application is depositing 
HSS on carbon steel shanks, the second the repair of worn 
teeth on HSS milling cutters. The regulation of the 
blowpipe and the type of welding rod are discussed. As 
it was unpossible in Switzerland to obtain special rods 
lor this purpose, substitutes were used made of forged 
HSS scrap and strips from discarded cutters. These 
rods did not give the desired fluxing of the weld metal, 
lor which additions of cobalt or molybdenum are neces- 


termined by reducing the current so that the formation 
of this black deposit is avoided. 

Welding Time.—It appears that the thickness of coat 
ing is one of the factors which determines the welding 
time. In making a spot weld in coated mild steel sheet it 
is necessary to allow sufficient time for the coating to 
melt before making the weld. The welding times are 
therefore longer than those used for welding uncoated 
mild steel. 

Electrode Material.—1\t was found that electrodes made 
from cadmium copper were suitable for the spot welding 
of zine-coated sheets. There is a slight tendency for the 
electrode tips to stick to the sheet at the commencement 
of welding, but after a few welds are made this sticking 
effect disappears. 

Test Results —The results obtained in this series of 
tests are given in Table 2. The breaking loads obtained 
for five test specimens are given for each thickness ol 
material. 

It does not appear to be possible to stipulate standard- 
ized welding machine settings for specified thicknesses 
of zinc-coated mild steel sheets. The welding time re 
quired appears to depend to some extent upon the thick 
ness of the zine coating. The shear strength of the spot 
weld may be affected by the composition of the steel. 
The welding pressure does not appear to be critical. 

A spectrographic examination of the weld metal ap 
pears to indicate that more zinc is retained in welds made 
with high welding pressures. 

The use of high welding currents causes a black film to 
form between the sheets being welded. 


sary, but the deposition was more or less satisfactory. 
The deposition of HSS on carbon steel shanks by gas 
welding is simpler than brazing by the Ludwig process, 
though the latter method is successful. For repairing 
broken teeth in HSS milling cutters, the workpiece is 
heated in a closed furnace up to a temperature of about 
400° C., and after the building up the cutter must be 
stress relieved in a closed furnace and the teeth shaped 
to the correct profile. Hardening is then necessary and 
the usual tempering and final sharpening. A _ special 
filler metal is necessary with a fairly high content of 
chromium, tungsten and vanadium, to compensate for the 
loss due to volatilization. There are 4 illustrations. 


STRENGTH OF ARC WELDING SEAMS. Luftfahrt 
Forschung, 1943, June 30, pp. 175-180. Translated 
in Engineer's Digest, 1944, Feb., pp. 51-53.) 

Tests were carried out to study the properties of butt 
welds produced by metallic arc welding of high-strength, 
heat-treated steels of 3, 4 and 6 mm. thickness, using 
coated electrodes. V-type test welds were made and the 
test methods and results are fully described. It was 
found that with suitable heat treatment the tensile 
strength of the welded seams attained the strength of the 
parent metal in some cases, but there was an unduly 
large scatter toward the lower strength values. Fatigue 
tests revealed that welded joints subject to fatigue below 
the 10‘ cycle range should not be dressed but that for 
operation above this range dressing of the weld greatly 
improves fatigue strength of the joint. Illustrated by 2 
photographs, 4 diagrams and 1 table. (Abstracted in 
Metrop.- Vickers Tech. News Bull., 1944, March 17, p. 9. 
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Determination of Cooling Rates of But 


and Fillet Welds as a Result of Arc 


Welding with Various Types of 


Summary 


HIS investigation was carried out in the Welding 

Laboratories of the Rensselaer Polytechnic Insti- 

tute, using experimental and mathematical tech- 
niques developed in a previous investigation. ! 

It was sponsored by the War Department—-Water- 
town Arsenal, Watertown, Mass. The program was 
made up of three parts. The first part involved welding 
with austenitic electrodes on mild steel plate for the pur- 
pose of comparing the cooling rates which result from 
welding with austenitic electrodes, with those which are 
obtained with mild steel electrodes, as measured in a 
previous investigation in this laboratory.! The second 
part of the investigation involved welding with a variety 
of different types of austenitic and ferritic electrodes on a 
single thickness of mild steel plate initially at room tem- 
perature. The purpose of this phase of the investiga- 
tion was to further compare the cooling rates associated 
with are welding, using various types of mild steel, alloy 
and austenitic electrodes. This section of the program 
also included the determination of cooling rates, using 
bare wire. The third part of the investigation involved 
the determination of cooling rates for first-pass butt and 
for first- and last-pass fillet welds in '/>-1n. mild steel 
plate, using two different sizes of austenitic and ferritic 
electrodes and two different initial plate temperatures. 

The principal results of this investigation may be sum- 
marized as follows: 

1. The cooling rates resulting from welding with 
austenitic electrodes on mild steel plate are essentially 
the same as those obtained by welding at the same values 
of energy input with mild steel electrodes on mild steel 
plate. 

2. The cooling rates resulting from the making of butt 
welds at the same energy input with a variety of plain 
low-carbon and alloy steel rods on 1-in. plate at 72° F 
are identical, regardless of the type of electrode used. 

3. The cooling rates associated with the making of 
butt welds using bare electrodes are essentially the same 
as those obtained with shielded type electrodes. 

4. First-pass butt-weld cooling rates are lower than 
last-pass cooling rates for single-V welds in '/2-in. plate. 

5. The cooling rates associated with-the making of 
T-joint fillet welds are affected by the shape or contour 
of the fillet. When welding at the same value of energy 
input, electrodes which tend to produce concave fillet 
contours produce cooling rates which are higher than 


* Welding Laboratory, Department of Metallurgical Engineering, Rensse- 
laer Polytechnic Institute, Troy, N. Y., March 1944 


Electrode on Plain Carbon Steel 


By W. F. Hess,* E. F. Nippes,* L. L. Merrill* and A. P. Bunk* 


376-s 


those resulting from electrodes which tend to 
flat contour fillets. 

6. Austenitic electrodes tend to deposit about 
more metal than ferritic electrodes at the same value : 
weld energy input. This is true for either butt 
welds. In making fillet welds, at any given ener 
put, austenitic electrodes which produce a convey 
posit, tend to produce the same leg distance as 
electrodes which give a flat deposit. The addition 
of weld metal deposited by austenitic electrodes t 
appear in the convex bulge of the fillet weld, result; 
greater throat section. 

7. The higher cooling rates in T-joint fillet 
occur in the vicinity of the toe of the fillet im t 
tinuous plate, rather than at a corresponding lox 
the stem of the T, or at the root of the weld. 

8. Although the top passes of butt welds coo! 
rapidly than first passes, the situation is revers 
fillet welds. The first pass of a fillet weld cools 
rapidly than the second pass. Both first and se 
passes of two-pass fillet welds cool more rapidly t! 
first or top passes of butt welds. 

9. In order to make a given size fillet weld, a defi 
amount of energy is required, whether the weld 1s 
in one or two passes. From the results of this investig 
tion it appears that the total amount of energy requir 
to make the weld may be divided between the first 
second passes in any desired way. Quantitative imform 


tion of this type should be of great value in designin 


welded joints from the standpoint of proper cooling rat 
to imsure a desired type of metallurgical structur 
Minimum sizes of fillet welds made in one pass could 
established, with reference to the permissible cooling t 
of a particular steel. These sizes would, of course, | 
modified by plate thickness and plate temperature 


Introduction 


The general problem involved im this investigati 
arose from the fact that a considerable body of inior 
tion had been developed giving cooling rates in top | 
butt welds made on plain low-carbon steel und 


variety of conditions with reference to plate thickness 


and plate temperature. Sufficient data had been secur 


to show that for ordinary low-alloy steels, the cool 
rates determined on mild steel are applicable. 15 
questions to be answered in the three parts of this 


vestigation were the following: 
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Part 
w do the cooling rates produced as a result of 
welding with austenitic electrodes, compare with 
those obtained by welding with mild steel elec- 
trodes? 


Does it make any difference in cooling rate 
whether another type of mild steel electrode or 
in alloy steel electrode is used ? 

How do the cooling rates associated with bare wire 
welding compare with those of shielded arc 
welding ? 

In welding with austenitic electrodes, does the 
type, such as manganese or molybdenum modi 
fied, affect the cooling rate? 


a) How do cooling rates of first and last passes of 
single-V butt welds in '/»-in. plate compare ? 

bh) How do cooling rates of first and last passes of 
two-pass fillet welds compare? 

c) How do fillet-weld cooling rates compare with butt- 
weld cooling rates? 


Scope.-The scope of the test program is outlined as 


follows: 


Cooling curves for top-pass, butt-weld procedure, 
with initial plate temperature of 72° F., were obtained 
under the following conditions: 

Plate Material. Mild steel of '/2, * 

thickness. 

Electrodes. Manganese modified 18-8 (austenitic) 

of and '/,4-in. diameter. 

Current and Polarity. Reversed polarity, d. c. 

Cooling curves for top-pass, butt-weld procedure, 
with intial plate temperature of 72° F., were obtained on 
in. thick mild steel plate with the following electrodes 

Molybdenum modified 1S-S8 (austenitic), ° 
i¢ in. diameter. 
b) Low-alloy Rod A (ferritic), *°/32 
ameter. 
c) Low-alloy Rod B, */i¢ in. diameter. 
d) Reversed polarity mild steel rod A.W.S. Class 

E-6010, in. diameter. 

é) Bare wire—*/s. in. diameter. 

sare wire electrodes were welded with straight polarity, 
c. All other electrodes were welded with reversed 

polarity, d. 


l and 1'/s in. 


) 


» and 


and */i in. di 


9) 


4. (a) Cooling curves were obtained and a mathe 
matical analysis made for first-pass butt welds in !/s-in. 
mild steel plate, welded with */,, in. diameter A.W.S. 
Class E-6020 electrodes. Further cooling curves were 
btained with °/ and diameter electrodes of the 
iollowing types: 

|) Manganese modified 18-8 (austenitic). 
) 


2) Low-alloy Rod A (ferritic). 
Welds were made at initial plate temperatures of 72 
ind 300° F. 

Cooling curves were obtained and mathematical 
malyses made for first- and last-pass fillet-welded T- 
jomts in '/> in. mild steel plate, welded with electrodes of 
the following types: 

A.W.S. Class E-6020, */: in. diameter. 

Manganese modified 18-8 (austenitic), ° 
in. diameters. 

Low-alloy Rod A 
diameters. 


ga and 


(ferritic), and in 


_ Welds were made with initial plate temperatures of 
‘2 and 300° F. 
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Material 


The steel plate used for this program was produced to 
meet A.S.T.M. Specification Al31-—39, Structural Steel 
for Ships. The composition, finishing temperatures and 
physical properties of this steel were reported in a previ 
ous investigation. 


Equipment 


All of the welds in this program were made with auto 
matic equipment, in order to insure close control of the 
welding variables. The machine used was a General 
Electric Model 6WFH2AS8, automatic arc-welding head, 
arranged for this program to use single-electrode feed 
Current for welding was supplied by a Lincoln 600-amp 
motor-generator set. Welding conditions for each weld 
were measured by means of a recording wattmeter and a 
chronograph pen attached to the temperature measuring 
equipment. This pen permitted the determination of 
travel speed. Voltages and currents were measured by 
means of panel meters. A table of the ranges of these 
variables used with the different types and sizes of elec 
trode is included in this report. 

Temperature measuring equipment consisted of a 
Model 721 Weston Photoelectric Potentiometer con 
nected to an Esterline-Angus Sensitive Recording Milli 
ammeter which gives full scale deflection at a current of 
10 ma. By the use of a 50-mv. range standard with the 
photoelectric potentiometer, the full scale reading of the 
recording milliammeter could be arranged to correspond 
with 50-mv. thermocouple electromotive force. The 
photoelectric potentiometer is a self-balancing type hav- 
ing an optical galvanometer designed to operate an elec 
tronic balancing mechanism. Potentiometric balance is 
maintained automatically and is capable of following 
thermocs changes at high speed len-mil thermo 
couple wires of chromel and alumel were flash welded to 
the bottom of 0.052-in. holes, drilled with No. 55 drills, 
to the point in the plate at which temperature measure 
ment is desired. This point was selected as that having 
the highest cooling rate. It was found in the heat 
affected zone immediately adjacent to the fusion ling 


Plate Preparation 


For determining the cooling rates of top passes of butt 
welds, 12 x 12-in. plates of the desired thickness were 
grooved in the form of a trapezoid with 30° sloping sides. 
For values of energy input below 40,000 joules per inch, 
for all types of ferritic welding electrodes, plates were 
grooved to a depth of '/,. in. and to a width depending 
upon the desired weld energy input. Knowing the elec 
trode consumption as a function of welding current, it 
was possible to calculate the cross section of the groove 
for each desired weld energy input. For weld energy in 
puts above 40,000 joules per inch a depth of groove of 
'/s2 n. Was used for all ferritic electrodes. When using 
austenitic electrodes which tend to deposit 45°, more 
weld metal at the same value of energy input than ferritic 
electrodes, grooves were machined 50°; deeper aud 10% 
narrower than grooves for ferritic deposits. 

In determining the cooling rates for first-pass single-V 
butt welds, in '/s-in. plate, two 6- x 12-1n. plates were 
beveled so as to give a 60° included angle. <A '/ \¢-in. root 
face and approximately '/j,-in. root opening were used in all 
cases. The root opening was varied from approximately 
to */s9in., depending upon the energy input. Larger 
separations were used for lower values of energy input, in 
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order to provide good penetration at the root of the weld. 
When welding with 18-8 austenitic electrodes, slightly 
wider separations were used than for the ferritic elec- 
trodes. This was possible since austenitic electrodes have 
less tendency to burn through at the root of the weld than 
do the various types of ferritic electrode. 

Plates were prepared for the making of fillet welds by 
taking one plate '/. x 6x 12 in. and tack welding it across 
the center of another plate '/. x 12x 12in. These plates 
were set up in a jig in such a way as to permit down- 
position welding with the plates on either side of the 
fillet inclined 45° to the horizontal. Thermocouples were 
located at least 2'/s in. from the start and finish of the 
weld, in holes drilled through the larger plate. The 
minimum 2'/, in. distance was necessary to insure that 
the cooling rates were representative of continuous weld- 
ing at the given energy input. By establishing a relation 
ship between energy input and leg size of the first pass of 
a fillet weld, it was possible to drill the thermocouple 


FILLET WELDED 
T — JOINT 


NUMBERS 
INDICATE 
BUILD-UP 
SEQUENCE 1/2" PLATES 
Aw 
TA 
FIRST LAST 
PASS PASS 


THERMOCOUPLE POSITIONS 


Fig. 1—-All Welds Made in the Flat Position 


holes at the proper distance from the root of the weld to 
be located just beneath the toe of the fillet in the larger 
or continuous plate. Since the final size of the fillet weld 
in this investigation was always '/» in. a relationship was 
developed which permitted the predetermination of the 
proper size first-pass fillet to correspond with any given 
energy input used in the last pass. By this means it was 
possible always to complete the weld at the desired size 
having '/2-in. leg distance. The welding procedure for 
these T-joints is illustrated in Fig. 1, which shows the 
order in which the passes were made and the positions of 
the thermocouples. 

The are voltages and current ranges for the different 
sizes and types of electrode are shown in Table 1.* The 
weld energy input, determined by means of a watt- 


* Tables are given in Appendix A 
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meter and measurement of travel speed, are r: 
the arc-current voltage by the equation: 


are volts X are current 


joules per in. —— 
F travel speed in in. per 


Results and Discussion—Part I 


Cooling curves were obtained by welding with », 
ganese modified 18-8 austenitic electrodes, us toe 
pass butt-weld procedure on mild steel, AS 
A131-39, Structural Steel for Ships. These me. sy; 
cooling curves were determined at a plate tempera tu 
72° F., when welding on '/9-, */4-, 1- and 1!/»-in. plat, 
thicknesses, using °/32-, and '/,-in. diameter 
trodes. All welds were made with reversed 
d. c. 

Using the */,.-in. diameter electrodes, it was found that 
the curves of cooling rate vs. joules per inch duplicated 
those found for top-pass butt welds made with \.Ws 


E-6020 electrodes of the same diameter. The cooling 
rates at 1300, 1000 and 700° F. were obtained from th. 
measured cooling curves. In order to show the agre« 
ment between the cooling rates associated with the us 
of austenitic electrodes and the corresponding cooling 


rates obtained with mild steel electrodes, the solid curves 
of Figs. 2-13 were obtained from the previously publishe: 
report.' The solid curves taken from the previous 
port are those marked */;,-in. electrode diameter, Figs 
2-13. 

The relationship between the cooling rates obtain 
with different electrode sizes may be taken into account 
by a variation in the input factor, defined and dis 
cussed in the previous report.' The relationship be 
tween input factors, determined in this investigatio: 
be described in the following manner. If the input factor 
for */,,-in. electrode is taken as a basis of comparisor 
the input factors for the °/32- and '/,-in. electrodes becom: 
respectively, 0.97 and 1.06 times the input factor for t! 
4/.e-in. electrode. Expressed in another way, to find the 
energy input required to produce a desired cooling rate 
using a °/39-in. electrode, multiply the input required with 
a */js-in. electrode by 1.03, and to find the corresponding 
energy input for '/,-in. electrode, multiply the input re 
quired with a */,.-in. electrode by 0.945. 

The previously published tables and curves’ includ 
the values of energy input in joules per inch required 
with a */\»-in. electrode to produce various cooling rat 
at different temperature levels in '/2-, and 
plates. 
values of energy input required with '/,-in. electrodes 1 
1- and 1'/,-in. plates. 

The curves marked °/,-in. electrode diameter a! 
in. electrode diameter in Figs. 2-10 and the curves 
marked 5/30-in. electrode diameter and */j,-in. electrod 
diameter in Figs. 11-13 were obtained by applying moc: 
fying factors in the manner explained above. It should 
be emphasized that the solid line curves of these figu! 
are mutually consistent, based on mathematical relation 
ships involving the fundamental variables affecting 
ing rate, and that this consistency extends not onl) 
throughout the range of energy input at any one tem 
perature level but also from one temperature level | 
another. That is, once the curves were established }) 
experimentally determined coefficients measured 
1300, the 1000 and 700° F. cooling rate curves wer ob 
tained from the mathematical solutions. All the 
points plotted on these curves represent experictte 
measurements using austenitic electrodes. 

The curves shown in Figs. 2, 3 and 4 give the coolimg 
rates at three different temperature levels using aus(emt' 
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Jectrodes on '/,-in. mild steel plate. The agreement be- among the data. With these facts in mind, the results 
ween the cooling rates accompanying the use of aus- shown in these figures indicate that within the limits of 
»pitic electrodes and the cooling rates produced by mild experimental error the cooling rates for these two types 
see electrodes is indicated by the closeness with which of electrode are equivalent for the same value of weld 
he points fall on the solid curves determined by using energy input. The tendency for the points at the 700° F. 
wild stecl electrodes. In considering all of the various temperature level to fall slightly high with relation to the 
rves obtained with austenitic electrodes, it must be re- curves is explained by the fact that the solid curves are 
wembered that austenitic electrodes do not deposit obtained mathematically, upon the assumption that heat 
noothly and continuously, as do mild steel electrodes. is dissipated by conduction alone. Actually, for the 
The more erratic nature of the stainless steel arc, makes thinner plates such as the '/2-in. plate here considered, 
, difficult to secure very good agreement or consistency _ the effect of cooling by convection and radiation tends to 
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Figs. 8 to 10 


assume some degree of importance after sufficient time 
has elapsed for the heat-affected zone immediately ad- 
jacent to the fusion line to cool to a temperature of 700° F. 

Figures 5, 6 and 7 show corresponding cooling rates at 
1300, 1000 and 700° F., when the welding is carried out 
on */,-in. plates. In spite of the rather difficult and some- 
what erratic conditions involved in welding with this 
electrode, the cooling rates again show remarkable agree- 
ment with those obtained using mild steel electrodes 
It will be noted that most of the points fall on the curve 
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Figs. 11 to 13 


at the low energy input end of these curves, This |s 
characteristic of austenitic electrodes, namely, that they 
are customarily welded at considerably lower valucs 0! 
energy input than are commonly used with mild stec! 
electrodes. 

Figures 8, 9 and 10 show cooling rate curves at 
temperature levels for austenitic electrodes deposit: 
l-in. mild steel plate. Similar curves for 1'/s-in 
are shown in Figs. 11, 12 and 13. In these curves 
more erratic cooling rates determined with aust: 
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are again apparent. The tendency to weld 
with these electrodes using smaller energy inputs is also 
rom the fact that the experimental points tend 

erowd toward the lower ranges of energy input. 

it has been stated previously in this report that the 
is-8 austenitic electrodes tend to deposit approximately 
50, more weld metal than do mild steel electrodes at the 
me values of weld energy input. This relationship is 
emphasized by the electrode consumption curves shown 
i Fig. 14. The lower melting point, higher electrical 
resistivity and lower thermal diffusivity of austenitic 
steel are responsible for the much higher burn-off rate 
{ austenitic electrodes. The tendency for the larger 
electrodes to deposit slightly more weld metal at the 
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same energy input is also evidenced in Fig. 14. It has 
appeared 1n this investigation that between SO and 90° 
of the electrode consumed is deposited as weld metal. 
The definite relationship between electrode deposition 
and energy input in the welding operation is very useful 
in designing welding procedures to fill various types of 
butt-weld plate preparation and spacing, and in produc 
ing various desired sizes of fillet welds. It appears from 
the results of this investigation to require 865,000 joules 
per cubic inch to deposit ferritic weld metal. It is ncces 
sary to know only the desired volume either in a butt 
weld or fillet weld, to be able to calculate the weld energy 
input which must be expended per linear inch of weld to 
produce the desired deposit. This relationship is suffi 
ciently linear to permit the calculation to be made even 
when the weld is made with more than one pass. 


Results—Part II 


The purpose of this phase of the investigation was to 
determine whether cooling rates obtained with a differ 
ent type of austenitic electrode and with a variety of 
ferritic electrodes would duplicate the cooling rates ob 
tained when making top-pass butt welds with A.W.S. 
Class E-6020 electrodes on mild steel plate. This in 
vestigation was carried out on 1-in. plate only at an 
initial temperature of 72° F. This part of the program 
called also for the determination of cooling rates result 
ing from welding with bare electrodes. In some cases 
these electrodes were used in two different diameters and 
in other cases only one diameter was investigated. 

Cooling curves were obtained for top-pass butt welds 
on l-in. thick mild steel plates at 72° F. with the follow 
ing electrodes: 


(a) 18-S-Mo, °/s2 and in. diameters. 

(b) Low-alloy Rod A, °/s2 and */\5 in. diameters. 

(c) Low-alloy Rod B, */, in. diameter. 

(d) Reversed polarity mild steel rod, A.W.S. E-6010, 
3/1, 1n. diameter. 

(e) Bare wire, */2 in. diameter. 


Welds made with bare wire were made with straight 
polarity d.c. All other welds were made with reversed 
polarity d. c. 

In this phase of the investigation, as in Part I, it was 
found that in all cases the curves of cooling rate vs. joules 
per inch duplicated those found for the A.W.S. Class 
E-6020 electrodes, published in a previous report.! 
Curves showing the comparison between the various 
types of electrode studied in this investigation and the 
cooling rates determined in the previous study using 
E-6020 electrodes, are shown in Figs. 15 and 16. From 
the experimentally determined cooling curves, cooling 
rates were measured at 1300, 1000 and 700° F. These 
provided the points for plotting on the three curves 
shown in Figs. 15 and 16. The solid curves were ob 
tained from the previous investigation using the mathe 
matical solutions developed from welding with */,,-in. 
E-6020 electrodes on mild steel plates. In plotting the 
solid curves of Fig. 16, the change from */\.- to °/s-in 
electrode was accomplished by multiplying the values of 
energy input required with */,.-in. electrode by 1.03 as 
explained in Part I. 

It was found in this part of the investigation that the 
molybdenum modified 18-8 electrode behaved in the 
same manner with respect to cooling rates as the man 
ganese modified 18-S electrode studied in Part I of this 
investigation. As was the case with the manganese 
modified electrode, the plates for top-pass butt-weld pro 
cedure were prepared by machining grooves 50°), deeper 
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and 10° narrower than the grooves for the ferritic type 
electrodes. 

In spite of the wide differences in type of electrode and 
the fact that austenitic electrodes tend to deposit with a 
more erratic arc than do A.W.S. Class E-6020 mild steel 
electrodes, it is evident in Figs. 15 and 16 that excellent 
agreement exists between the cooling rates produced by 
these various types of welding electrode. 


Results— Part III 


To provide the necessary basis for the preparation of 
tables of energy input required to produce various cooling 
rates for first-pass butt welds and for first- and last-pass 
fillet welds on '/2-in. mild steel plate, experimental and 
mathematical work was required. Cooling curves were 
obtained and mathematical analyses made for first-pass 
butt welds in '/2-in. mild steel plate at 72 and 300° F. 
using */,-in. A.W.S. Class E-6020 electrodes. Cooling 
curves and mathematical analyses were made also for 
first- and last-pass fillet welds in '/2-in. mild steel plate 
at 72 and 300° F., using */;.-in. A.W.S. Class E-6020 and 
*/ye-1n. low-alloy Rod A electrodes. The necessity for 
using two different types of electrode in the fillet weld 
cooling rate studies was due to the discovery that cooling 
rates resulting from deposition with A.W.S. Class 
E-6020 electrodes were considerably higher than those 
obtained when welding with low-alloy Rod A electrodes. 
The former electrode deposits with a concave fillet con 
tour, and the latter with a flat fillet contour similar to 
that obtained with an A.W.S. Class E-6012 electrode. 
The higher cooling rates resulting from the concave 
fillets are evidently due to the fact that the deposit is 
thinner and spread out over a greater area of contact 
with the base metal in the case of the concave fillet. This 
shape of deposit provides a greater area through which 
heat may be dissipated into the plate by conduction. 
All of the cooling rates given in this report as having been 
obtained with an alloy rod giving contour similar to 
A.W.S. Class E-6012 electrode were actually obtained 
with the low-alloy Rod A, mentioned above. 

As a result of subjecting the cooling curves for first- 
pass butt welds made in '/»-in. plate with */j.-1n. elec- 
trodes to mathematical analysis the beta and input factors 
were found to be as shown in Tables 2 and 3. Calcula- 
tions were based on using a distance (d) from the center 
line of the weld to the thermocouple of 0.60 centimeter. 
This distance does not need to be known exactly since it 
has a negligible effect on the cooling rates at any given 
temperature level, although it does affect the time re- 
quired to cool to that temperature level. It is therefore 


- only necessary to use this value in the approximately 


correct order of magnitude. Small differences im distance 
from center line to fusion line resulting from different 
weld energy inputs do not require changes in the distance 
(d) as used in the calculations. The input factors for the 

s-in. electrodes were 0.97 times the input factors for the 
3/1g-in. electrodes. The resulting theoretical curves of 
cooling rate vs. joules per inch at temperature levels of 
1300, 1000 and 700° F. are shown in Figs. 17-19, to- 
gether with measured cooling rates. These curves indi- 
cate that the difference in electrode size between */ i 
and °/39 in., results in only a slight difference in cooling 
rate. They show also the difference in cooling rate re 
sulting from the relatively low preheat temperature of 
300° F. Although the curves of Figs. 17-19 were derived 
mathematically using experimentally determined co- 
efficients obtained with E-6020 electrodes, they show very 
good agreement with the plotted points obtained from 
welds made with 18-S-Mn austenitic electrodes and with 
low-alloy Rod A ferritic electrodes. In Fig. 19 the de 
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parture of the measured curves from the exper: 
curves due to convection and radiation is exaggers\.¢ 
the magnitude of the cooling rate. : 
As a result of the experimental and mathemati.) 
vestigation which led to the development of th. «J; 
curves of Figs. 17-19, complete tables of energy in; 


Te 
quired with a */,-in. electrode to produce various eyo) 
ing rates at different temperature levels in first-pass butt 
welds are given in the Appendix of this report. e it 
formation which they contain should provide va\yab), 
data to supplement that which was published the 
previous report.’ These tables may be used for in 
electrodes by multiplying the tabular values of ener:y j) 
put by 1.03. This factor has been determined to be the 
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proper conversion factor for this change in electrode size. 

As a result of the above discussion it is seen that for 
first-pass butt welds, the cooling rates obtained with the 
low-alloy Rod A and 18-8-Mn electrodes duplicate those 
made on mild steel plates with A.W.S. Class E-6020 


electrodes. 


Fillet Welds 

In making fillet welds, it was desired to select welding 
onditions so as to make the leg distance '/» in. after the 
second pass. This was necessary in order to be able to 
study the effect of energy input on the cooling rates 
sociated with making the second pass of a two-pass 
fillet weld between '/o-in. plates. It was desired to keep 
the total fillet size equal to the plate thickness. Ii 
lifferent weld energy inputs were to be used on the 
second pass of a two-pass fillet, it was obviously necessary 
to determine how much energy to use in the first pass so 
that any desired second-pass energy would result in the 
production of a '/>-in. fillet. A study of first-pass fillet 
welds showed a parabolic relationship between the fillet 
leg size and weld energy input. This is a necessary conse- 
quence of the linear relationship between weld energy 
input and volume of metal deposited. Results of this 
study for the A.W.S. Class E-6020 electrode which pro 
duced a concave fillet, and for the low-alloy Rod A 
electrode which produced a flat fillet, are shown in Fig. 
2). By extending these parabolic curves, it appeared 
possible to determine the total energy required to de- 
posit a '/»-in. fillet. This was done as indicated by the 
dotted lines in Fig. 20. Experiment then showed that the 
total energy input apparently required for a single pass 
would also result in the production of a '/2-in. fillet if this 
total energy were divided in any desired manner be- 
tween the first and second passes. This relationship 
greatly simplified the determination of the proper amount 
of energy to be used in the first pass in order to get any 
given amount of energy in the second pass and still 
complete a two-pass fillet of '/>-1n. leg distance. 

It is shown in Fig. 20 that for a given leg distance the 
put required with the low-alloy Rod A electrode is 
greater than that required with the E-6020 electrode. As 
previously mentioned, and as indicated in Table 4, this 
isdue to the different contours assumed by the weld metal 
i the two cases. Table 4 shows that the total energy 
required to make a fillet weld with '/2-1n. leg distance is 
'02,000 joules per inch in the case of E-6020 electrodes 
giving concave fillets and 108,000 joules per inch for low 
alloy Rod A electrodes giving flat fillets. These relation 
ships were obtained from the extensions of the curves in 
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Fig. 20. Experiment showed that if the total energy of 
a two-pass weld were equal to the numerical values men 
tioned above, the weld would be of proper size. It is also 
indicated in Table 4 that the same amount of energy 1s 
required to make a '/»-1n. fillet when using 1S-S-Mn 
electrodes as is required in the low-alloy Rod A flat fillet 
electrodes. This equivalence in the amount of energy re 
quired to make the same size fillet weld in two electrodes 
of such widely different character is a rather curious 
coincidence. It was previously noted in connection with 
the butt-weld studies that the IS-S-Mn electrode de 
posits 45°, more metal at the same weld energy input 
than does the ferritic type of electrode. In the c 
these fillet welds deposited in the flat position, the 45 
extra metal is found within the bulge or convexity of the 
fillet. The tendency of the austenitic electrode to de 
posit in a convex fillet 1s indicated in Table 4 where the 
throat distance for the austenitic electrode 1s 20°, greater 
than the throat distance of the '/»-in. flat fillet deposited 
by the low-alloy Rod A electrode. 


ase ot 


First-Pass Fillet Welds 


In order to provide the necessary basis for the prepara 
tion of tables of energy input required to produce various 
cooling rates in fillet welds, further experimental and 
mathematical work was necessary. Cooling curves were 
obtained for first-pass fillet welds on '/:-in. mild steel 
plate at 72 and 300° F., using */).-in. E-6020 and low 
alloy Rod A electrodes. The cooling rates so determined 
were used to calculate values of beta and input factors 
(see Tables 2 and 3). The resulting curves of cooling rate 
vs. joules per inch at temperature levels of 1300, 1000 and 
700° F., are shown in Figs. 21-23. Upon examination of 
the cooling curves of Fig. 21 it is noted that at a tempera 
ture level of 1300° F. there is an appreciable difference 
between the cooling rates produced by rods giving flat 
fillet contours as compared with concave fillet contours. 
Also, it is seen that at this temperature level the differ 
ence in cooling rates resulting from preheating to 300° F. 
is less than it is at the lower temperature levels. For 
example, upon examining Fig. 24 it 1s seen that there is a 
very much greater difference in cooling rate between the 
plates which had an initial temperature of 72° F. and 
those which had an initial temperature of 300° F. It is 
also observed in Fig. 23 that the differences in cooling 
rate between different types of electrode become very 
much less marked at the lower temperature level 

As shown in Figs. 21—23, the cooling rates obtained with 
the low-alloy Rod A electrode (A.W.S. E-6012 contour 
welded as first-pass fillets with the same welding condi 
tions as those used with the A.W.S. Class E-6020 elec 
trode, are lower than those obtained with the A.W.S. 
Class E-6020 electrode. This may be explained by the 
fact that the E-6020 electrode, depositing with concave 
fillet, places more of the weld metal in contact with a 
greater amount of base metal, thereby increasing the heat 
dissipating ability of the E-6020 weld metal, and thus 
increasing the cooling rate. Mathematically, the lower 
cooling rate of welds which result in a flat contour, may 
be accounted for by an increase in the input factor. Thus, 
to find the energy input required with a */).-in. low-alloy 
Rod A electrode (A.W.S. E-6012 flat contour electrode 
to produce a desired cooling rate, multiply the energy 
input required with a */,-in. A.W.S. E-6020 electrode 
by 0.913. To find the corresponding input with a °/»9-in. 
low-alloy Rod A electrode, multiply that required with 
the */,-in. E-6020 electrode by 0.941 0.913 &X 
1.03). 

The cooling rates resulting from the deposition of first 
pass fillet welds were found to Le higher than those for 
top-pass butt welds on '/»-in. plate using the same energy 
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input. This is accounted for by the fact that more metal appropriate conversion factors, as explained above. | li 
is available for conducting heat from the weld than is plotted points of Figs. 24-26 represent measured coo! 
available in the case of butt welds. rates obtained with low-alloy Rod A and 18-8-Mn cl 

Figures 24, 25 and 26 show first-pass fillet-weld cooling trodes. It is evident that the austenitic electrode co: 
rates at temperature levels of 1300, 1000 and 700° F. for rates duplicate those obtained with the low-alloy Rod A 
welds made on '/2-in. ship steel. The solid lines of these — electrodes. 


curves for the */\,-in. electrodes were established on As already noted, these cooling rates were lower that 
2-in. ship steel using low-alloy Rod A electrodes. those obtamed with the A.W.S. Class E-6020 electr 
These curves are the same as those designated in Figs. With a given energy input 45% more weld metal was (e- 


21-23 as E-6012. The solid curves for the °/32-in. posited with the 18-8-Mn electrode than with the !ow- 
electrodes in Figs. 24 through 26 were obtained by the alloy Rod A electrode, but the weld metal in the ca 
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tenitic electrode had less tendency to spread 
resulting in a convex fillet in contrast to the 
obtained with the low-alloy Rod A electrode. 
h these differences in amount of metal deposited 
illet contour, there is no effect on the cooling 
the same weld energy input. It should be noted 
t-pass fillet welds using 18-8-Mn electrodes were 
ly at a plate temperature of 72° F. 

ete tables of energy input required to produce 
cooling rates in first-pass fillet welds on '/»-in. 
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mild steel plates using */,.-in. A.W.S. Class E-6020 
electrodes are given in the Appendix of this report. As 
noted above, the conversion factors 0.913 and 0.941 may 
be used to convert these values of energy input into those 
required for the low-alloy Rod A and 18-8-Mn electrodes 
of diameters and °/s9 in., respectively. 


Last-Pass Fillet Welds 


In order to reduce last-pass fillet-weld cooling rates 
to a mathematical basis by means of experimentally 
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determined 
1 


fillet 
leg distances were made on '/9-in. mild steel 


coefficients, last-pass welds with 

plates arr anged in the form of T-joints. The first work 
of this kind was done with */,.-1n. A.W.S. Class E-6020 
electrod es which tend to deposit a concave fillet. Owing 
to the experience with first-pass fillets, that cooling rates 
are considerably different when the shape of the fillet 
is flat, rather than concave, additional experimental 
work was done using low-alloy Rod A electrodes which 
tend to deposit flat fillet contours. From the experi- 
mentally determined cooling curves, the beta factors 
and input factors were found to be as shown in Tables 2 
and 3. The mathematical calculations were based on 
d = 1.0 cm. The input factors for °/39-in. electrodes 
were 0.97 X the input factors for the */,-in. electrodes. 
The resulting curves of cooling rate vs. joules per inch 
are shown in Figs. 27-29, together with experimentally 
measured cooling rates obtained with the two types of 
electrode at two initial plate temperatures. As noted 
in the case of first-pass fillet welds, the differences in 
cooling rates for the two types of electrode are more 
pronounced for cooling rates measured at 1300° F. than 
for those measured at 700° F. On the other hand, the 
differences in cooling rates produced by preheat tem- 
perature are more marked for cooling rates measured 
at 700° F., than for those measured at the higher tem- 
perature. 

The cooling rates for a given energy input were found 
to be higher in the case of last-pass fillet welds than those 
for top-pass butt welds on '/s-in. plate, but lower than 
the cooling rates for first-pass fillet welds. The higher 
cooling rates of last-pass fillet welds with respect to 
top-pass butt welds are accounted for by the fact that, 
as in the case of the first-pass fillet welds, more metal 
is available for conducting heat from the weld than is 
available in the case of butt welds. By comparison with 
first-pass fillet welds, the last-pass fillet welds tend to 
dissipate heat less rapidly. A possible further explana- 
tion is based on the fact that more room is available in 
the case of last-pass fillet welds for the deposited metal 
to assume its natural shape. This affects the shape of 
the pool of molten metal trailing the electrode and, in 
the mathematical solution, results in an increase in the 
input factor. 

As shown in Figs. 27-29, the cooling rates obtained 
with the low-alloy Rod A electrodes (similar to A.W.S. 
E-6012 flat contour), were found to be lower than those 
obtained with the E-6020 electrodes. As in the case 
of the first-pass fillets, this is the result of the flat contour 
assumed by the weld metal in the case of the low-alloy 
Rod A electrode, as compared with the concave surface 
of the E-6020 deposit. Thus, in the case of last-pass 
fillet welds with '/:-in. leg distance on '/2-in. plate, to 
find the energy input required with a */j.-in. low-alloy 
Rod A electrode to produce a desired cooling rate, 
multiply the input required with the */,-in. A.W.S. 
E-6020 electrode by 0.85. To find the corresponding 
input with a °/3.-in. low-alloy Rod A electrode, multiply 
that required with the */j.-in. E-6020 by 0.875 (i.e., 
0.85 X 1.03). 

Figures 30-32 show further agreement between 
cooling rates produced by flat fillet ferritic electrodes 
and convex fillet austenitic electrodes. These curves 
give cooling rates vs. joules per mch at temperature 
levels of 1300, 1000 and 700° F., for last-pass fillet welds 
on '/»-in. plate, with and low-alloy Rod A 
and 18-8-Mn austenitic electrodes. 

Complete tables of weld energy input required to 
produce various cooling rates in last-pass fillet welds on 
'/,-in. plates using E-6020 electrodes are given 
in the Appendix of this report. The values of energy 
input shown in these tables may be converted to the 
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values required for the low-alloy Rod A and 1S s-\; 


electrodes of diameters * 


and in., by multiplying 
by the conversion factors 0.85 and 0.875, respectively 

In summarizing the results of these studies it js 
interest to note that while butt welds made with either 


the E-6020, low-alloy Rod A or 18-8-Mn electrode: 
cool at the same rate for a given energy input, fillet welds 
made with the low-alloy Rod A and 18-8-Mn electrodes 
cool more slowly than welds made with the E-((2 
In the case of the top-pass butt-weld pr 


electrode. 


eedure, the weld metal is confined to a groove and ¢ 
spread laterally at will, while in the fillet welds ; 


room is available for the weld metal to assume its natura! 


contour. 


This results, as shown in Table 4, in different 


leg and throat distances at a given energy input. Math 


matically, the result may be expressed in terms of 
different input factor. 


This factor is directly related 


to a conversion factor which may be used to multiply 


values of energy input obtained with any one type 


size of electrode. The various conversion factors hav 


or 


been summarized in Table 5 found in the Appendix of 


this report. 


Figure 


33 shows a comparison betweet 


first- and last-pass fillet and butt welds on '/2-in. plate 
These curves serve to summarize the results of the 


studies and to show the relative magnitudes of the cooling 


rates for the different types of electrode and weld 


geometry. 


Conclusions 


The principal results of this investigation may lb 
summarized as follows: 


1. The cooling rates resulting from welding with 


austenitic electrodes on mild steel plate are the sami 


is 


those obtained by welding with mild steel electrodes on 


mild steel pl: 


9 


ite. 


The cooling rates resulting from the making 


; 


ol 


butt welds with a variety of plain low-carbon and alloy 
steel rods on 1-in. plate at 72° F. are identical, regardless 
of the type‘of electrode used. 


3. The cooling rates associated with the making 0! 


butt welds using bare electrodes are essentially the sam 


as those obtained with shielded type electrodes. 
4. First-pass butt-weld cooling rates are lower th 
last-pass cooling rates for single-V welds in '/2-in. pla‘ 


of the fillet. 
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5. The cooling rates associated with the makin 
T-joint fillet welds are affected by the shape or cont 
When welding at the same value of ene! 
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input electrodes which tend to produce concave fillet 

mtours produce cooling rates which are higher than 
those resulting from electrodes which tend to deposit 
gat contour fillets. 

§. Austenitic electrodes tend to deposit about 45% 
ietal than ferritic electrodes at the same value of 
weld energy input. 

7. The highest cooling rates in T-joint fillet welds 
occur in the vicinity of the toe of the fillet in the con- 
tinuous plate. 


Appendix A 


In the case of fillet-welded T-joints and for first passes 
{ butt welds more metal is available for dissipating heat 
in the immediate vicinity of the welds than is available 
for a weld on the surface of a very thick plate. Asa 
consequence the resulting values of 8 for small values 
of time are greater than unity. 

As explained in the previous report' the value of 8 
is a measure of the degree to which a plate is cooling as 
, very thick or “‘infinite’’ piate with a bead deposited on 
its surface. When a flat plate is cooling as a plate of 
infinite thickness the value of 8 should be unity. 


Electrode Speed 


Type of Weld Cm./Sec. In./Min. 5 7.5 
First-pass butt 0.40 9.5 1.25 1.05 
First-pass fillets 0.30 7.8 1.11 0.795 
Last-pass fillets 0.30 a4 1.25 0.885 


Plate Thickness '/: In., 


Speed 

Type of Weld Type of Electrode Cm./Sec In 
First-pass butt E-6020 0.40 9 
Low-alloy A or 18-8 0.40 4 
First-pass fillet E-6020 0.30 7 
Low-alloy A or 18-8 0.30 7 
Last-pass fillet E-6020 0.30 7 
Low-alloy A or 18-8 0.30 7 


Table 4—Table Showing Values of Energy Input and Throat 
Distances Required with Various Electrodes to Maintain a 
Leg Distance of '/, In. 


Leg Throat 
Energy Input, Distance, Distance, Fillet 
Electrode Joules /In In In. Contour 
E-6020 102,000 0.5 0.31 Concave 
Low-alloy A 108,000 0.5 0.35 Flat 
IS-&-Mn 108,000 0.5 0.42 Convex 


nultiply by 0.97. 
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Table 2—Values of 8 


Plate Thickness '/: In 


Table 3—Input Factors 


Electrode Diameter In 


Che tabular values of input factor are for */,,-in. 
iameter electrodes. For diameter electrodes 
ultiply by 1.06 and for °/,:-in. diameter electrodes 


8. Last-pass butt welds cool more rapidly than 
first-pass butt welds. On the other hand, first-pass 
fillet welds cool more rapidly than second-pass fillet 
welds. 

9. In order to make a given size fillet weld, a definite 
amount of weld energy is required, whether the weld 
is made in one or two passes. 

10. The minimum size of fillet welds to be used with 
a particular steel may be established so as to produce 
the permissible cooling rate for that steel. 


Table | 
Size, Are Current Range, 
Rod In. Volts Amp 

Low-alloy A 5/59 25 150-210 
Low-alloy A 27 180-250 
18-8 5/5 24 100-150 
18-8 3/16 25 130-180 
18-8 oF 180-225 
A.W.S. Class E-6020* 3/16 30 180-285 
A.W.S. Class E-6010 3 16 26 135-220 
Low-alloy B 3/16 125-210 
Bare wiret 5/39 22 110 


* Straight polarity with fillets 
+ Straight polarity 


Time in Sec. After Passing of Electrode 


10 15 20 30 HK) 60 
0.930 0.730 0.624 0.533 0.485 0.475 
0. 668 0.535 0.468 0.389 0.333 0.310 
0.745 0 578 0.495 0.435 0.415 0.405 


Plate Temperature, ° F 


Min. 37 72 210 30) 100) 
5 2.80 es 2.64 2.58 2.45 
5 2.80 o 77 2.64 2 58 2 45 
l 1.138 1.12 1.07 1.04 1.01 
l 1.24 1.14 1.11 
l Lay 1.16 1.14 1.i2 1.10 
l 1.38 Lae 1.34 1.32 1.29 


Table 5—Table of Multipliers to Be Used to Convert Values 
of Energy Input Given in the Appendix Into Those Required 
with Other Sizes and Types of Electrode 


Diameter of Electro 


In 
Type of Weld Type of Electrode 
First-pass butt E-6020 1.03 0. O4 
Low-alloy Aor 18-8 1.08 0.9 
butt E-6020 1.03 
Low-alloy A or 18-8 1.0. ’ 
First-pass fillet E-6020 945° 
Low-alloy A or 18-8 0.04] 915 () SO4" 
Last-pass fillet E-6020 1.03 0 945" 
Low-alloy Aor OU.875 SoU 


* Cooling rates with the '/,-in. electrode were obtained for top 
pass butt welds only rhe conversion factor to change from the 
iin. electrode to the '/,-1in. electrode was found to be 0.Y 


his factor was used to determine the values marked * in the tabl 
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Appendix B 


The values of energy input given in the following 


tables are those required with the */), in. E - 6020 “hate 
electrode. They may be converted into those required a 
with other sizes and types of electrode by use of the , 
multipliers given in Table 5. 5 
a 
Energy Input —10* Joules /In.—Required to Produce Various Cooling Rates at Temperature Levels Indicated with the Plate Z 
at Specified Temperatures sas 
16 
First-Pass Butt Welds, Plate Thickness !/. In., Electrode */;¢ In. 
18 
RATES AT 13 SOOLING RATES aT j 20 
Plate Temperature - °F, Rate Plate Temerature - °F. 25 
——100_ 200259 300350 400 oF/sec. 190 ASO 200 500 
60 


54,4 51.0 


50,2 47,1 


46,5 43,3 


44.2 41,5 


41.9 39.35 


37 


34,9 


33,4 31,1 


4 
5 
6 
25.5 23,7 22.2 40 30.7 29.7 28.7 27,0 25.4 23.2 22.2 20.6 ‘ 
22,0 20,5 19,0 50 27,7 26,7 26.8 24,6 23,0 21,6 20,2 7 
19,4 18,0 16.8 60 25,6 24,7 23,9 22.4 21,0 19,7 18,4 17, 7 
17,0 15.8 80 22,2 21,5 20.5 19.2 18,0 16,7 15,4 14,1 e 
30 
40 
: 6 
COOLING RATES AT 1200°F. COOLING RATES AT 1000°P. 80 
61.8 77.4 73,0 68,5 64,1 4 71.2 66,1 61,0 55, ‘Rate 
75,1 67,7 64,1 56,7 53,0 5 77,0 74,0 71,5 67,2 62.8 58,4 54,0 49,6 = 
67,0 60,3 57.0 50,3 47,0 2 
61,2 $5.0 51,9 45,8 42,7 
56,9 $1.2 48.3 42,5 39,7 
53.8 48.2 45.5 40,0 37,2 ; 
50.8 45.4 42,8 37,6 34,9 
48,3 42,9 40.3 35,2 32.5 ; 
25 46.0 44.4 43.0 40.6 38.2 35,8 33,5 31,0 28,6 18 40,7 39,0 37,4 34,9 32,3 29, 27,3 24,8 
38,8 34,7 32,6 28,6 26.5 
33,2 29.8 28,2 24.8 23,3 3 
29,7 26.7 28,2 22,2 20,7 i 
27.4 24.6 23,2 20.2 18,9 ; 
80 25,5 24.7 23.0 22.7 21.4 20.2 17.7 16,4 
21.0 18,5 17,3 14,9 1347 15,0 13.7 12.5 
18,5 16.2 15,2 12.8 11.6 100 16,4 15,7 14,9 13,8 12.6 
12.1 
12.4 
WELDING RESEARCH SUPPLEMENT AUGUST 19 


nd 
ay 
“3 
hie 
+. 61, 58 
Ce, 59.6 sa ¢ 53.3 9. 5.4 
16 65.7 ed 65,5 63.0 40.7 
63, 61.8 58.7 3.0 0.7 57.1 63.4 80 
18 6 $2.4 49,6 ¥. 
0.0 $8.4 55.6 52,6 60,0 47.2 99,4 57,1 55,2 51.6 48,5 45,2 41,8 
49.8 } 47, 49,3 41.3 
28 47-1 4.6 16 41,3 38,8 
4; 
48.9 46.€ 44,1 41,8 39,5 @ 48,7 47.0 44.5 41,6 38,8 36.1 3 Cooling 
30 l, 9, 2 8 5.1 ol 
45, 44,1 42.0 39.8 a7 47, 45,6 44.2 41,5 "9.9 
4, 43.0 41.5 39.1 36.7 34.3 
tye 
op 
, 
= 
38 
| 
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Plate 


Energy Input—10* Joules In.—Required to Produce Various Cooling Rates at Temperature Levels Indicated with the Plate 
at Specified Temperatures 


Butt Welds, Plate Thickness ! 


2In., Electrode */ [n 


COOLING RATES AT 900°P. 


First-Pass Fillet Welds, Plat: 


rhicknes 


OOLING RATES AT 150¢ 


Footing Plate Temperature °F, “neve Plat . 
4 73,6 7060 67,2 62,2 57.2 52,1 47,0 41,8 36,6 
5 65,8 62,7 60,1 55,6 61.1 46,6 42,2 37,7 33,2 10 128,0 116,3 11 
60,4 57,5 50,7 46,6 42,3 38,2 34,0 29,8 123.2 117. 
Q 52,5 50,0 47,9 44,3 40,7 37,0 33,4 29,8 26,2 14 = 130 126.6 123.4 118,4 3.2 108,1 103 93, 
10 46,6 44,6 42,7 30,5 36.2 32.9 29,7 26.3 23,1 16 124,27 121,3 116,2 113 107,86 102, 9 87,7 
12 42,6 40,5 36,7 35,7 32,7 29.7 26,7 23,6 20,6 18 119,4 116,0 113,0 108,0 102,686 97 92.7 8 82,8 
4 30,4 S74 38,7 32, 30,1 27,3 24,5 21,6 16.7 20 114,5 111,2 108,3 103,5 98.8 93,9 69 4,2 79,3 
16 36,7 34,9 33,3 30,7 26,2 25,5 22,8 20,2 17,5 25 103,5 100.7 98,2 93,9 289,86 1,0 76,9 
18 34,5 32,8 31,5 26,6 26,3 23.6 21,3 18,8 16,3 30 95,5 92.5 90,1 66,5 62,1 76,0 74.0 7 66,1 
20 62,5 30,0 29.6 27.2 24.6 22.5 20,2 19,8 15,4 35 88,7 66,0 83,8 80,0 6,2 72.7 68.6 45 61,5 
25 28,8 27,4 26,2 24.2 22,2 20.1 18,2 16,2 14,1 40 65,0 60,7 78,6 75 71.6 68.3 65,0 . 4 
$0 2632 25,1 23, 22.1 2.3 18.5 16,8 14,9 13.1 50 74,2 72,4 70.4 67.5 64,2 6 58 55,1 52,1 
40 23,0 21,8 2.8 19,3 17.7 16,1 14.5 12.8 60 68,3 66,2 64,5 61,7 58.7 55,8 52,8 49,9 47, 
60 18,9 18,0 17,1 15.7 14.5 12.9 12.5 70 63,3 61,6 60,0 57,3 54,4 51,7 49.0 46,0 43,3 
80 16,2 15,5 14,5 13,3 11.9 80 59,2 57,5 56,0 83,2 50,7 48 45,5 42 40,2 
100 13.6 15.0 12.2 12.2 90 55,9 54,2 52,8 50,0 47,7 4 42 40,0 37,8 
100 50,6 49,2 47,0 44,6 42 40, 7,6 35.2 
COOLING RATES AT 800°F. 
110. 49,3 48,0 46,8 44,2 42,1 40,0 37,8 35 
gee 7 72 300 350 400 1200 46,8 4455 (41,8 39:8 37,7 55.4 
3 65,5 62,1 59,4 54,8 50,1 45,3 40.7 35.9 31,2 130 45,0 43,7 42,4 40.0 38,0 35.9 
4 59,3 56.1 53,7 49.2 44,8 40,3 35,8 31,3 26,9 140 42.8 41.7 40.5 36 36.1 
150 41:2 40.0 39:0 37.0 
5 54,5 51,6 @,2 44.6 40,5 36.2 31,9 27,7 23,4 160 39.8 38.6 37.6 35.7 
6 51,0 ‘48,2 45,8 41,6 37,3 33,2 29,1 24.9 20,7 
a 45,3 42,6 40,4 36,7 32,8 29,0 25.2 21,3 17,6 
10 40.3 38,0 35,9 32,6 29.2 25.6 22,4 18,9 15,6 COOLING RATES AT 1200°P. 
12 36,0 34,0 29,2 26,2 23,2 20,1 17,1 14,2 
15 31,5 2,6 28,2 25.7 23.0 20.3 17,7 15,2 12.5 76 40090 200 850300 405 
20 26,8 25,4 24.1 21,8 19.7 17.4 15,3 13,2 12] 
30 21.7 20,6 19.6 17.9 16.2 14,6 13,0 1.3 3 104,0 
16,9 18,0 17,1 15,7 14,2 12.7 12.2 115,0 1 100,2 93, 
6 15,6 14,7 13.9 12.6 11.2 129.6 125-2 121.7 1152 108.8 112,35 96,1 60.7 
80 13.2 12.3 11.6 14 117.9 113,0 110,0 104,646 9,2 93,7 6.4 83,0 77.8 
COOLING RATES AT 700°P. 106,7 105-7 86,7 G56 68.4 63.5 15.6 
slit 18 104,5 101,2 96,5 5,6 8 83,9 79,0 74,3 69,8 
Rate Plate Temperature ~ °F, 
is 200 400 20 100,2 97,2 94.5 9,9 85,0 2 75,7 71,2 66,7 
2 64.2 60,5 57,6 52,4 47.2 41,9 36,7 31,5 26,4 25 91.4 88,5 7 27,3 73,0 68,8 64,2 60,¢ 
3 55,5 52,2 49,5 44,8 40.1 35,3 30.6 25,8 22,2 30 64,0 1,3 79 75,1 71,2 67.3 63,1 99,2 55, 
4 49,2 46.5 44,0 30,6 35.1 30.6 26,2 21,7 17,2 35 76,1 75.7 73 ce es A 55.0 51,3 
: 44,5 41,8 39,6 35,6 31,5 27,6 23.7 10,7 15,6 40 73,3 71,0 69,0 5.7 62,0 58,4 2 2 48,2 
6 40,8 36,2 36,1 32,3 28,7 25,0 21,3 17,6 13,8 50 66,5 64,1 62 6. 52 49,6 46,7 43,5 
35,2 35,0 31,1 28,0 24.7 21,6 16,5 15,2 11.8 60 60,7 58,6 51.0 48.0 4 4s 9.3 
31,4 29,4 27,8 24,8 21,9 19,0 16,2 13,2 70 56, 54,5 52, 50, 47.0 44.0 41 
12 28,6 26,7 25,2 22,5 19,8 17,2 14,6 11.8 a0 2.4 50,7 49 46.3 43.5 40,8 1 35.3 
us 25,1 23,6 22,2 19,8 17,6 16,0 12.6 90 49,2 47,6 45,9 ° 40.6 36 38.4 
20 21,5 20,2 19,0 17,0 15,1 13.2 100 46.5 44,7 43,1 4 38,0 35 
30 17,5 16,5 15,5 14,0 12.5 110 45,6 42 40.5 1 35.8 
40 15,5 14,5 13.7 12.3 120 41,1 39,7 36,4 
60 12.5 11.8 150 38.9 57.5 S56 
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at Specified Temperatures 


First Pass Fillet Welds, Plate Thickness '/, In., Electrode 3/\. In. 


COOLING RATES ai 


Energy Input—10' Joules/In.—Required to Produce Various Cooling Rates at Temperature Levels Indicated with : 


he Plate 


Coeling 
Rate 


150 


200 


_Plate Temperature - °F, 
100 


250 


COOLING RATES AT 1100°P. 


4 
Cooling 
Rate Plate Temperature - °F. 5 
100 150 200 250 300. 350 400 
125.0 117,5 
5 125.6 114,0 
102.3 97.0 
6 111,6 102,0 
40 89,7 85,3 
8 123,7 116,0 108.2 100.2 92,6 85,0 
12 81,8 78,0 
10 126,2 121,56 117,4 110,2 104,1 96,3 89.3 62,2 75,5 


12 114,8 110,5 106,7 100,3 94,1 87,8 81,6 75,4 69,35 
68,3 
14 105,8 101,7 98,5 92,6 87.0 81.2 75.5 70,0 64.4 


16 99,1 95,5 92,4 87,1 61,7 76,5 71,2 66,0 60,6 


18 94,0 90,2 87.6 82,5 77,5 72,4 67,4 62,4 57,5 


20 89,0 85,7 83,0 78,2 73,4 68,8 64,0 59,2 54,8 
25 80,2 77,5 75,0 70.7 66.4 62,1 57.9 63,6 49,5 


101,8 
85,0 
76,2 
69,6 
64,4 
60.8 
57,7 
55,0 
50,1 
46,2 


COOLING RATES AT 800°F. 


125,5 
105.8 
92.4 
77.8 
70.2 
64,1 
59,4 
56.0 
53,0 
50.7 
46,2 
42,6 
37,0 
33.0 
29,8 
27.0 


111,90 
95,3 
835.5 
71.0 
64,2 
58.6 
54.3 
51.3 
48.6 
46.3 
42,1 
38.9 
53.6 
30,1 
27.0 


40 47,8 45,6 43,5 40,2 
30 73,4 71.0 66,7 64,9 61.0 57.0 53.1 49,4 45,7 
50 42.8 40,8 39.0 36.0 
40 64,9 62,5 60.7 57,35 53,7 50,1 46.7 43,5 40,0 
60 33,0 37,0 355.2 32,5 
50 68,2 66,2 54,1 51.0 48.0 44,9 41.7 38,5 35.4 
70 36,0 34,0 52.4 29,8 
60 53,0 51,0 49.2 46,53 43,1 4,1 37.5 34,5 31.7 
80 33.5 31.5 29.9 27.2 
70 49,0 47,0 46,3 42,5 39.7 36,9 34.0 31.2 28.4 
60 45.8 43.8 42,1 39,6 
Cooling 
90 42,8 41,0 39,3 36.7 34.0 31.4 Rate Tem 
*F/sec. 
100 40.2 38,6 37,1 34.5 31.8 


110 58.0 36,5 34,9 32.5 
120 36.1 34.5 32.9 


COOLING RATES AT 1000°Fr, 


10 76,8 71,7 
seo. 50 200 500 350 40 


25 49,8 47,0 
124.7 116.0 112.9 104.1 96,0 68,1 80.5 75,6 67,0 


30 45,7 45,3 
108,6 102,868 98,4 91,0 83,9 77,2 71,1 65,68 60,35 
40 39,8 37,7 
97,7 93,6 89,9 85.5 77,0 71,5 66,0 60,8 55,6 
50 35,8 33,7 
14 90,5 67,0 63,8 78,5 73,0 67,9 62,4 57,2 52,0 
60 32.2 30.2 
85,6 62,2 79.2 74,2 69,2 64,1 59,1 54,0 49,0 


102.2 
91,0 
76,6 


67,9 
62.0 
56,2 
49,4 
44,8 
41.2 
35.8 
31,9 
28.8 


61,2 78,0 75,1 70,5 65,6 60,86 56,0 51,1 46,3 


61,0 


51,1 
45,0 
40,9 
37,8 
52, 


29.0 


49,0 
45.3 


41,0 


43.8 


36,7 


36.5 
33,3 
30,7 


26.2 


COOLING RATES AT 700°P. 


32,3 
23,8 
27.2 


Plate Temperature - °F. 
00 150 290 250 


300 


Cooling 
20 77,5 74,35 71,7 58,0 53,3 48,8 44,2 Rate 
°F/sec, 72 

25 67,5 65,0 60,6 56,4 48,0 45,7 39,5 

<2 
so 64.1 61,6 59,4 55,4 51,5 47,8 45,68 40,0 36,3 

5 132.6 122,5 
35 69.6 57,3 65,2 51.7 48,0 44.3 40,8 37,2 33,8 

4 106,0 97,6 
49 56,1 55.6 51,7 48,2 44,9 41,3 38,0 34.6 31,2 

5 92,0 84,2 
60 50.7 48.6 46.8 43,6 40.4 37,5 34,3 31,3 28.2 

6 81,2 74,5 
60 46,5 44,1 42,6 39,8 36,86 33.9 30.9 28.0 

8 68,2 63,0 
70 42,5 40,3 39,0 36,35 53,3 50,8 26.0 

10 60,8 56,7 
Bo 59.0 37.0 35.8 33.0 30.3 27.8 

12 56,0 52,5 


50 


+8 
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113,3 
90,7 
78,5 
69,8 
59,0 
53,2 


49,9 


70,3 
59.5° 
52,1 
47,0 
40.8 
357.2 
35.0 


= 


77,4 
61,9 
50,7 
44,9 
40,4 
55,2 
32,0 
30,9 


26.7 


AUGUST 


Produce 
7eis 
4 
| 111,7 75.2 67,1 59,3 1B 
92,5 64.0 57,6 51,7 
75.0 53.2 47.9 40; 
20 65,0 62,0 59,4 42.0 37.8 43.6 ‘ 
: 25 59,2 56,6 54,1 38.2 34,3 30,4 
ten 30 54,8 52,1 50,0 35,1 31,4 27 
30.2 27. 
27.1 
perature — °F 
5 112.7 99,4 96,6 74,2 62,0 
- 92.3 61.4 1.5 61.8 52.5 
ae 5 118.2 109.5 90.7 79.8 70.6 62.6 54.9 47,5 
6 104,35 97,0 81,0 72,0 64,2 57,0 80,1 43,2 20 
Sooling 8 86.7 81,0 79,2 61,9 65.1 49,0 43,2 37,7 é 
12 70,0 65,7 
: ‘ 111,0 99,0 56,8 40,4 35.9 31,4 
15 63,2 59 28,6 
109,8 98,5 88,0 2 46,1 32,6 26,6 
6 118,5 107.8 97,0 87,5 79,0 28,7 25,2 
an 
3441 
8626.0 
My 
100 
64,8 53,¢ Rate 
99,0 85,1 51,1 40,8 
89,3 68,8 42,4 34,7 10 
68,9 59,8 38,0 31,3 
4 
61,5 53,8 34,7 29,0 4 

47,9 42,3 27,2 

2 | 45,0 39,9 25.2 2s 
15 Mm 47.6 45,0 40,2 35.8 

3s 
ons 20 44,4 41,4 39,4 35,5 31,3 27,8 

25 40,6 38,0 36,0 32,0 28,2 24.5 

30 37,2 34,9 32.6 29.0 26,2 
35 35.0 32.5 30.6 27.1 23-5 
1944 
han 


Plate 


COOLING RATES AT 1000°r. 


- 


Tomer: 
£20. 


Input—l0*° Joules /In.—-Required to 
Various Cooling Rates at Temperature 


Indicated with the Plate at Specified 


Temperatures 


Fillet Welds, Plate Thickness !/. In., Elec- 
trode */i,In 


COOLING RATES aT 1300°P. 


* 


-8 
COOLING RATES AT 900°R. 


Fieve Tegperature — 


42,0 
39,2 
36,2 
33.5 


110,0 
97.0 COOLING RATES aT 00°F. 


89,0 
82,5 
78,0 
74,0 
70,5 


67.8 


0.7 


coo 


COOLING RATES AT 1100°7, COOLING RATES AT 700°p, 


Cooling 


Rate P} Temperature 
*F/sec, 200 


2 106,86 
61,6 69,2 


« 


COOLING RATES IN WELDING STEEL 


Cooling 
105.9 93.5 81.4 69.2 
> 103.3 93,2 83,0 72,8 62,7 
‘ 
Energy 95.4 66,5 77.5 68,4 59,6 
Produ ut 107,6 102,3 98,0 90,3 82,8 75.2 67,6 60,0 82,4 ™ Boe 
14 87,3 63,2 79,9 74,0 68,0 62,1 6,2 46% 
| 16 77,2 74,0 68,5 62,9 67,4 52.0 46,3 40,6 
Las 
18 76,2 72,7 69.6 64,3 89.2 63,9 48.7 43,3 38,2 Tae 
72.1 66.6 65.6 60.7 55.7 50.3 45,4 40.3 35,3 oF 
< 
6.8 60,7 58.3 *3.9 49.6 45,1 40.8 36.4 31,9 
67,3 54.7 52.5 46.7 44.6 41.¢ 37,3 35,4 29,7 
7 52.6 50.3 41.3 37,8 ‘4.4 sl, 27.5 
4 95,8 87,5 49.0 47,0 45.0 41.7 38,7 35.3 32,2 29.0 
66,5 95,8 89,8 42,9 76,6 43.6 41.8 40,0 37.2 34,2 31.4 26.5 
Tee 
59,3 96.4 90,3 64.3 78.3 72,3 30.4 57.6 36.0 33.3 30.7 28.0 
51.7 2,4 105.5 102.5 96.7 90,9 65,3 79,6 74.0 66.4 36.1 34.4 32.8 30.2 27.8 
2 103,35 99,8 96.7 91.3 86,1 60. 75.5 70,1 64,6 31.2 
97,9 94,5 91,7 86,9 62,0 77,3 72,2 67,5 62,5 
93,9 90.6 68.1 63,4 79,0 74,2 69.5 64,8 60,0 
9,8 86,9 64,2 75,4 70.8 66,7 62,0 67.6 °F /sec. 300 330 400 
37,1 6,7 83.7 61,2 77,0 72.7 68,7 64,4 60.2 66.0 ‘ 93.7 62,3 71,3 €0,3 pes 
35,3 77,2 75,0 71,0 67,1 63,2 59.4 85.3 81,3 92.6 62," 72.7 62,6 52,6 
75,1 72,5 70,0 66,3 62,4 58,7 55,0 51,0 47,2 22 
4s 70,7 68,2 66,1 62,4 56,9 55,1 81,7 47,9 44,0 90,2 88.4 61.3 74,5 67.2 60,0 83,0 45,9 36.8 Sat 
6,7 64,5 62,2 69,0 65,4 51,9 48,6 45,0 41,5 1,8 76.0 72,7 6.5 83.0 47.9 34.9 
60,2 66,3 66,4 63,3 60,3 47,3 44,2 41,1 38,0 Gel 86:0 43.6 38,1 
17 82,8 49,0 46,0 43,0 40.2 37,3 34,3 3.8 6.3 86.7% 88:3 66.1 0.7 38:4 3 
aC 48,3 45,4 42,4 9,6 30.8 18 61.1 58.1 5,1 48,2 43, 8. 6. 
48,5 46,6 45,0 6,4 30,8 28.0 60.3 57.6 54.7 80.0 45-4 40.8 5. 1.6 
100 45,3 43,3 42,0 36,3 33,5 30,8 28.0 
55,8 51,2 48,7 44,5 40.4 36,5 32,7 28.¢ 
110 42,0 40,3 38,9 33,4 30.9 28.2 
30 49, 46,7 44,1 40.4 36,6 33,2 2.7 eo. 
j 12 19.1 37.7 36.2 31,0 
4c 42.2 40,2 38.2 34,9 31.7 28.5 
Rate late T erawre = °F, 60 31.3 2.7 27.0 
ie 110,3 106,0 102,2 96,6 62,4 76,0 3 63,7 Rate 
3 102,0 98,0 94,5 68,6 76,7 1,0 64,6 0,0 
3,2 2c 95,8 92,2 68,7 83,3 72,6 67,3 61,8 86,7 
117,0 109.5 103.4 92,7 82,0 71,3 60,8 49.7 3, 
91,0 87,4 64,3 9,2 68,6 63,7 58,5 83,3 
102.0 96,5 91,0 61,6 72,1 62.4 $63.0 43,4 34,1 
24 86,7 83,2 60,4 75,5 65,7 60,8 55,9 80,9 
85,6 80,2 76,0 68,3 60.7 83,2 45,6 37,9 
2¢ 62,8 79,8 77,0 72,5 MM 63,1 88.7 53.9 40,3 
1,4 1c 74,4 70,0 66,3 89.9 53.3 46,9 40.2 33,8 27,4 
7,6 76,6 74,0 69.5 65,0 60.6 86,3 $1,6 47,3 
12 66,7 62,5 58,3 53.5 47.7 41,8 36,1 30.2 24,4 
3,6 77,0 74,0 71,4 67,2 62.7 58,5 84,3 80.0 48.7 
14 61,0 57,6 84,4 49.2 43,7 36,5 33,4 28.1 
5,2 1.1 66.5 66.0 61,8 57.8 53,8 49,8 45.6 41.4 Pig 
8 5,9 36,5 31 26.6 
53.7 49,7 46,5 43,1 40.0 36.9 33,4 30,1 20 (47-2 44,7 36,0 31,7 27,7 
70 49,0 47,2 45,3 42,5 39,4 36,4 33,8 30,4 27.5 ef 45.0 42.35 @,1 36,2 32,3 26,5 24.5 
45,3 43,6 41,9 39.0 36,2 33.3 30.6 27.7 30 41. 38.6 36.5 32,7 29.0 28.4 
42,0 40.3 38,7 35.9 33,0 30.2 27.7 40 34,9 32,9 31,0 27.6 24.3 
100 39,0 37,4 35,9 33,1 30.4 sO %0,* 28,6 26.8 Be 
= 
8 
107,5 95.5 84,0 72,3 73,0 56,4 39,7 
7 
'" 101.6 92,5 683.5. 74.8 $3.5 86,2 43,4 30,7 
3 104,7 97,2 89,7 62.3 75,0 67,4 60,0 47,3 36,5 26,9 
10 102,5 96,0 94,3 66,0 62,5 75,1 68,7 62,2 56,0 69,7 83,2 78,2 68,0 59.6 80.5 41,4 32.3 23.1 
94,0 90,0 86,9 81,2 75,5 69,5 63,8.886,0 82.2 0.0 85.8 48.2 37.0 
04,3 61,5 75,9 70,3 64,9 89,6 54,0 48,5 72,3 67.3 €3.1 586.0 48.5 41.2 34,0 26.5 
83,2 
79,7 76,8 71,6 66,5 61,4 66,3 81,0 45,6 62.2 51.5 44,8 38.2 31,5 24.4 
2s 73,7 20,7 
68,0 63,6 89,2 54,7 80,2 45,7 41,2 10 58.¢ 54.9 51.4 45.7 39,6 353.9 26.1 
67.3 64,4 62, 3, $,? 7,2 
62,1 59,6 67,5 83,7 80,0 46,2 42,3 38, 
‘ 14 40,0 45.6 42,7 38.0 33,1 28.3 
« 36,0 55,7 83,3 50,0 46,4 43,0 39,5 36,0 32.5 BE 
; 16 46,0 42,9 40,0 35,5 31,0 
51,8 49,7 47,7 44,3 41,0 37,8 34,6 31.3 
43.2 40,3 37.6 33,4 2.1 
46,7 44,6 42,6 30,7 36,7 33.7 30.6 
~ 20 41.0 38.2 35.6 31.7 27.5 
42,2 40,5 39,0 36,3 33.6 31.0 
28 36,3 33,6 31,7 27,9 
38.9 37.2 35.7 33.2 30.8 
30 32.8 30.6 28.3 28.0 
35.8 34.2 33.0 30.8 
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Magnetic Oscillograph Equipment for 
Development of Aluminum Alloy Spot 


Welding and Production Control of i 


Welding Machines 


Introduction 


RECORDING magnetic oscillograph 
may be readily adapted with auxil 
iary apparatus to measure the important 
variables involved in the spot or seam 
welding of light alloys such as aluminum 
or magnesium. Hess and Wyant! have 
used this system extensively to study the 
behavior of spot-welding machines in 
the laboratory. The magnetic oscillo 
graph equipment described in this paper 
has been extended to include welding tip 
temperature measurements as well as a 
record of welding current wave form, weld 
ing electrode force and dynamic contact 
resistance. Further, it has been refined 
and simplified to such a degree that it 
has been found an extremely useful pro 
duction tool in controlling and maintain- 
ing the output of aluminum alloy spot 
welding machines. Although the work 
reported in this paper is confined to energy 
storage aluminum welding machines, the 
application of the magnetic oscillograph 
equipment is not restricted to this type 
Since the oscillograph equipment is com 
pletely portable and two universal special 
electrode holders allow it to be rapidly 
connected to a welding machine, it has 
been possible under actual production 
spot-welding conditions: 


To determine the optimum produc 
tion spot-welding procedure. 

To study spot-weld consistency. 

To increase spot-welding rates with- 
out sacrificing consistency 

To make welding machine dial 
calibrations 

To isolate trouble quickly in case of 
poor welding or actual break 
down. 

To make a routine monthly check 
of the electrical and mechanical 
operating characteristics of all 
spot-welding machines in pro- 
duction use 


‘Consequently, since this equipment not 
only allaws the proper welding procedure 
‘to he established on a quantitative basis 
but also provides a means for monitoring 
the quality of the output and quickly 
isolating trouble, it is to be recommended 
for regular. use, particularly in the case of 
primiary structure spot welding. 


* Assistant Chief Physicist and Physicist, re- 
spectively, Armstrong Cork Co., Lancaster, Pa. 


By G. W. Scott, Jr., and A. A. Burr* 
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Description of Apparatus 


rhe complete assembly of apparatus is 
hed to a spot-welding machine 
nd the necessary auxiliary cir- 
own Within and on the oscillo- 
ile table in Fig. 2. Although 
lly this apparatus is similar to that 
hed by others,'+ ?it has been enlarged 
fined to include a number of special 


ryres that have made it a very valuable 
tudying and controlling produc- 
spot-welding machines. 
\ schematic diagram of the electrical 
tits used with the recording magnetic 


iph is given in Fig. 3.+ As 1s 
from this schematic, the oscillo- 
et up to record welding current 
welding electrode force and 
iding tip temperatures. Additional gal 
eter elements, to a total of seven, 
available for further records such as 
dynamic contact resistance and the 
of any arbitrary voltage in the 
tronic control panel of the welder to 
fundamental welding variables. The 
rent wave form is recorded and mea- 
red by applying the voltage drop from 
{5-microhm manganin insert in the 
ia! electrode holder to one of the os 
illograph galvanometer elements. The 
ctrode force is recorded by its unbal 
icing a 1000-cycle fine wire strain gage 
ridge attached to the special electrode 
Ider, the output of which is filtered, 
lified and applied to a sensitive oscillo 
hh galvanometer. The more difficult 
dynamic record of welding tip tempera- 
ture is accomplished by a conversion from 
rect current to alternating current and 
vice versa. The welding tip temperature 
s transformed into a small voltage from 


ive form, 


T 


1 low impedance source by means of an 
on-constantan thermocouple. A _ low 
voltage from a low impedance source is 
lificult in itself to amplify; this case is 
further complicated by the fact that the 
final amplified d.-c. voltage must be de- 
veloped in a low impedance oscillograph 
galyanometer element (5.5 ohms). After 
msiderable developmental work, the 
following amplifiying system is now em- 
ployed. The thermocouple voltage is 
uansformed by an interrupter? with a mini- 
mum of distortion to a square topped 120 
cycle voltage, which may then be ampli 
fied by conventional means. The gain of 
the amplifier stage is set sufficiently high 
so that the d.-c. output of the frequency 
selective rectifier is sufficiently high to 
cause workable deflections of the 5.5-ohm 
supersensitive oscillograph galvanometer 
element. 

The calibration curve for the electrode 
force measuring system is shown in Fig. 4 
whereas that for the tip temperature mea- 
suring system is given in Fig. 5. Of 
course, the magnitude of the welding cur- 
rent may be computed directly from knowl- 


‘A complete technical specification of this 
‘quipment is being prepared by a subcommittee 
on “Production Spot Weld Quality Control Pro 
cedure’ under the chairmanship of G. W. Scott, 

rhis specification, including complete de 
for duplicating the equipment, will be dis 
ted by the Armstrong Cork Co. to members 

e parent Aircraft Welding Research Commit 
Therefore, the description of the apparatus 
paper will not be detailed 

The Brown Converter, component of Air-O 
Potentiometer Controller; Brown Instru- 

t Co., Philadelphia, Pa 


edge of the galvanometer deflection and 
sensitivity, the manganin shunt resistance 
and Ohm’s law. Quantitative time rela 
tionship among the oscillogram records 
may be determined from 60-cycle vertical 
timing lines produced by a flashing neon 
lamp and slit system. 

Important features toward 
this equipment convenient for production 
use are the two universal electrode 
holders, containing the necessary special 
elements built in, and a simplified design 
of noninductive fine wire strain gage 

A manganin insert, a four-element strain 
gage bridge and a welding tip with built-in 
thermocouple have been combined with a 
standard electrode holder for the press 
type and one for the rocker arm type spot 
welding machine 
holder for the 
machine is illustrated in Fig. 6 


making 


The special electrode 
press type spot-welding 


Since 


SCHEMATIC OF E 


the use of the magnetic oscillograph equip- 
ment for studying variables 
involves merely placing cither of the 
special electrode holders in the welding 


welding 


machine arm, only a few minutes are re 
quired to attach the analyzing equipment 
Of course, the time consumed in making 
the records is only that required for mak 
ing as many spot welds. Consequently, 
an analysis of the electrical, mechanical 
and thermal operating characteristics of a 
may be made very 
is parti 


welding machine 
rapidly and conveniently 
ularly advantageous in the case of a 
production machine breakdown 

Since an intense magnetic field is asso 
ciated with the spot-welding current pulse, 
it is necessary to employ noninductively 


1 
electrode 


wound strain gages to record the 


force cycles. Such gages are not commer 
cially available and previous designs hav: 
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been somewhat complicated to fabricate.! 
In Fig. 7 (a) is a schematic diagram of a 
simple noninductive gage, consisting of a 
flat grid with the return lead across the 
top, that has proved convenient to make 
and reliable to use. It is '/2 XK °/g2 in. 
in size and wound on a jig from 0.001-in. 
Nichrome wire, totaling 380 ohms re- 
sistance. The wires of the gage are pro 
tected by sandwiching them between thin 
sheets of rice paper. Four such gages 
have been employed with each of the 
special electrode holders described above. 
Figure 7 (b) shows the gages mounted 
with Duco cement on the periphery of 
an undercut section of the press type elec- 
trode holder. Two gages are mounted 
with the wires parallel to the axis of the 
electrode and two with the wires concen- 
tric with the axis in order to obtain maxi- 
mum sensitivity in the 1000-cycle bridge 
circuit. 


Ill. Applications 


Although the magnetic oscillograph 
equipment was designed and built with 
the thought that it would be used largely 
as a research tool, its production uses over 
a period of several months have been and 
continue to be fully as important as the 
strictly developmental work carried out 
with it. A study of the fundamental 
welding variables by means of oscillograms 
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Fig. 5 


Fig. 6—Press-Type Special Electrode Holder. 
Mount; C, Tip with Thermocouple 


A, Manganin Shunt; B, Strain Gage 


has allowed the necessary welding machine 
adjustments for a satisfactory produc- 
tion welding procedure to be made without 
delay and reliably duplicated on the job. 
Supplementing this development work, 
valuable spot-weld cycle consistency deter 
minations have been made which have 
allowed welding rates to be markedly in- 
creased without sacrificing consistency 
In addition, the calibration of welding 
machine dials and gages against actual 
machine performance as shown from os- 
cillograms has been extremely important 
in maintaining the recommended welding 
procedure in production. Finally, the 
use of the oscillograph to quickly isolate 
trouble in case of machine breakdown has 
saved many production operating hours. 
The extensive application of the oscillo- 
graph equipment to maintenance and 
calibration of spot-welding machines has 
resulted in the adoption of a routine 
monthly analysis of the operation of all 
production welding machines and quality 
check of the spot-welding process. There- 
fore, means are available in this way not 
only for checking the performance and 
output of the welding machines, but also 
for quickly correcting trouble if it exists. 
It is felt that the use of the magnetic 
oscillograph equipment, as outlined above, 
together with contact resistance measure- 
ments as a control of preweld cleaning, 
statistical analysis of the routine test 
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specimens to indicate shear str: 
and limited use of radiography 
duction pieces, constitutes an 
system of quality control fo; 
structure spot welding sy tl 
ment of such a system the app! 
spot welding to aircraft fabricat; 
greatly increased with safety 


UL 


Fig. 7 (a)—Noninductive Fine Wire Strain 
Gage 


Fig. 7 (b) 


Strain Gage Mounting 


Before proceeding to a detailed dis 
cussion of the oscillograph applications 
enumerated above, it will be well to 
examine the current and force cycles 
shown in Fig. 8. Here are shown scli 
matic representations of the three spot 
welding sequences in common producti 
use for light alloys such as aluminum 
magnesium. Although time is custon 
arily indicated as passing from left to 
right, the oscillograms to be discu 
have all been recorded in the opposit 
sense. They are being reproduced wit! 
out change as is indicated by the t! 
axis of Fig. 8. The important time 


tervals are labeled on the schemati 
correspond to the sequence dials on 
machines 


corresponding welding 
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seavy dark line on the oscillogram repro- 
=* 

wctions is seen from Fig. 8 to represent 
it wave form. The light shaded 


eo is the 1000-cycle output of the strain 
gage bridge attached to the special weld- 

z electrode, corresponding to a force in 
che electrode holder. This trace is sym- 
metrical about the center line of the 


oscillogram and the magnitude of the 
force is determined by the deflection from 
enter line to either top or bottom of the 
trace. Although the 60-cycle vertical 
timing lines appear more clearly against 
the background of the 1000-cycle electrode 
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Fig. 8 


force trace, they extend the entire width 
of the oscillogram in the original 


Optimum Welding Procedure 


Before the magnetic oscillograph equip- 
ment may be used to advantage in setting 
up the optimum welding procedure, some 
experience must be gained in recording 
and interpreting the welding variables. 
Most important among these variables 
are 


1. Magnitude of welding current. 
2. Welding current wave form. 
3. Electrode force. 
1 Ratio of forge force to welding 
force 
Rate of rise of forge force 
The various time intervals shown 
in Fig. 8, most important of 
which are the forge delay time 
for dual force welding and the 
recompression time for variable 
force welding 
Welding tip temperature 


presented 


I}ustrations of all these welding variables 
iy be found among the oscillograms 


DYNAMIC CONTACT RESISTANCE 


TIME - CYCLES 
Fig. 9 (a) 


CURRENT WAVEFORM PLOT 
w 
z 
| < 
| } 
a a 
S 10000; | | | 
= 
5000) | 
WELDING CURRENT S 


i416 


DYNAMIC CONTACT RESISTANCE 
30000 ~ VS 
CURRENT WAVEFORM PLOT | 
2 CONTACT RESISTANCE 
' ‘4 30< 
w | | 

5 | | WELDING CURRENT | 
5000} —+ —+ 102 
| | =< 
| Zz 
0 + | > | A. +-o— 0 S 


TIME - CYCLES (% 


Fig. 9 (b) 


Due to the high ratio of surface resist 
ance to volume resistance of aluminum 
alloys and their high thermal conductiv 
ity a very intense current pulse of short, 
carefully timed duration must be em 
ployed. Further, due to the very narrow 
plastic range of aluminum alloys, the ap 
plication of the electrode force must be 
timed with great accuracy, particularly 
in the case of dual or variable force weld 
ing where a higher forging force is em 
ployed to permit crack-free welding of 
heavy gages. The exact magnitude and 
timing of these variables can only be 
determined by the magnetic oscillograph 
equipment, and their establishment and 
control is basic to a proper production 
post-welding procedure, 

In order to accommodate better the 
heavier gages of light alloys dual and 
variable force welding cycles have corn 
into common use. In this method a forge 
force about twice the magnitude of thx 
weld force is applied subsequent to the 
current pulse. Thereby at the lower 
weld force the contact resistance is rela 


14 16 18 20 22 24 26 


tively higher to generate the greater 
amount of heat necessary to weld thick 
gages. The increased forge force is efle 
tive in preventing shrinkage cracks when 
the weld slug finally solidifies Che ulti 
mate result is a crack-free weid with suffi 
cient shear strength. Although this type 
of spot welding makes a given welding 
machine more versatile, there are certain 
elements of the sequence that are « 

tremely critical, namely, for dual force 
welding the forge delay time and the rate 
of rise of the forge force Experience in 
dual force spot welding has shown these 
two factors to be the most important vari 


ables to establish and control 


rhe proper time duration in cycles 
1.¢., '/eo set for the forge delay and the 
rise of forge force has been determined 
from an analysis of the data in Figs. ¥ 
and ¥ In these graphs data for dy 
namic contact resistance and magnitude ol 


welding current taken from oscillogram 
have been replotted on the same time scak 
lo record the dynamic contact resistam 
leads were taken from the two 
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Fig. 10 (a)—Oscillogram Showing Dual Force Machine Improperly Adjusted 


14 


Fig. 10 (b)—Oscillogram Showing Machine in Fig. 10 (a) Properly Adjusted 


electrodes immediately above the work, 
thereby placing a voltage pulse on an 
oscillograph galvanometer during the 
passage of the welding current. From the 
magnitude of this voltage pulse and the 
welding current appearing on the same 
oscillogram, it is possible by Ohm’s law to 
compute the corresponding values of dy 
namic contact resistance. Although these 
values necessarily include the contact 
resistance between two electrode alu- 
minum alloy interfaces, the sum of these 
two resistances is insignificant compared to 
that of the two aluminum alloy surfaces 
The value of contact resistance plotted in 
Fig. 9 (6) prior to the current pulse is an 
independently measured value. It is 
interesting to note in the case of Fig 
9 (a) that the value of the contact resis 
tance diminishes somewhat during the pre- 
heating cycle. However, the important 
fact to notice is that the contact resistance 
drops rapidly very nearly to zero shortly 
after the initiation of the welding pulse 
both in the case of the electromagnetic 
storage pulse of Fig. 9 (a) and the con- 
denser discharge pulse of Fig. 9 (6). This 
rapid decrease in the contact resistance is 
interpreted to correspond with the dis- 
appearance of the interface or the forma- 
tion of the molten slug. The forging force, 
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J 


the mechanism for tripping which is set 
off at the initiation of the welding current 
pulse as may be seen from Fig. 8, should 
of course not become effective until the 
molten slug has been formed 
sis of a number 


{tT 
Ai 


resistance plots such as in Fig 
9 (6) has led to the conclus; 
time from initiation of the ; 
to maximum forge force sho, 
ceed 3 cycles for condenser dis) 
ing or 4 cycles for electromagn 
welding. The forge delay tin 
from beginning of current pul 
tion of forge force should best by 
in the case of condenser discha: 
‘and 2 cycles in the case of elect 
storage welding. The forge fo; 
rise as rapidly as possible in 
and certainly within the remain 
2 cycles, respectively 

In addition to allowing th 
timing to be quantitatively 
the magnetic oscillograph 
mits machines operating in pro 
be checked and adjustments qi 
intelligently made if found to 
sary. The oscillogram in Fig 
shows the operation of a dual 
welding machine when first anal, 
is hopelessly out of adjustment 
capable of welding the heavy 
which it was designed and 1 
After actual changes in the elect 
circuit and modifications to the n 
system producing the electrod: 
been made, the performance ind 
the oscillogram of Fig. 10 
tained. This is a very good exa 
what a dual pressure welding 
should be. When such perform 
subsequently maintained in pro 
the machine produced good welds 


signed. Although, unlike Fig 


the oscillogram in Fig. 11 shows the typi 
characteristics of a dual force weld, 
differentiation of forge and weld forc: 
rapid rise of forge force, it does not rey 
resent a satisfactory operating con 
because the forge force is initiated 
late and the ratio of forge to weld for 


too low. Shrinkage cracks would 


already formed before the inadequat 
forge force was initiated. For satisfa 


performance such a weld should con! 
for a dual pressure, condenser di 


aj 


contact mately 2 to 1. Such a condition « 


or 


Fig. 11 —Oscillogram Showing Improperly Fired Forge Force and Incorrect Ratio 
Forge to Weld Force 
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entire thickness range for which it wa 


the timing requirements established aboy 


weld; and in addition, the ratio of { 
An analy- force to weld force should be 
of ~ dynamic 
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improper welding machine 

yy incorrect calibration of the 

dials. Use of the magnetic 
equipment to calibrate these 
discussed below. The oscillo 

gy 12 (a) represents operating 

f a variable force machine in 

ilves filling and exhausting the 

ers producing the electrode 

not functioning properly. This 

| by the rounded build-up and 

the precompression force and the 

e of the recompression force 

t of these valves produced the 
tisfactory variable force per 
illustrated by the oscillogram 

A distortion in the welding 

wave form in electromagnetic 
elding is illustrated in Fig. 13 
ling pulse in this system is brought 
interrupting the direct current 
rimary of a large reactor by a 

of contactors in series ar- 
open in a prescribed sequence 

is sequence is not maintained certain 
ntactors may arc, causing the distor- 
at the peak of the current pulse illus 
in Fig. 18. Although this condi 
n all probability does not affect the 
tality of the weld adversely, it would 
the life of the contactors if it 


\ very important welding variable that 
av be studied with the magnetic oscillo 
equipment is welding tip tempera 
especially as it is indicative of the 
weld cleaning of the metal and related 
welding tip pickup. A _ typical 

tip temperature trace recorded 
system described in Section IT is 


shown in Fig. 14 together with the corre- 


electromagnetic storage welding 


current pulses on a greatly compressed 


scale. The excessive width of the 


Fig. 13—Oscillogram Showing Poor Current Wave Form 


temperature trace is due to a (0-cyck 
component not filtered out by the present 
circuit. The temperature trace is seen to 
rise to an average maximum, yet respond 
to the individual current pulses. The 
lower record of the oscillogram in Fig. 12 
(a) is a temperature trace obtained by at 
taching two iron-constantan thermo 
couples built into the tip and connected 
in series directly to the supersensitive 


oscillograph galvanometer (0.0012 amp 


per inch; 5.5 ohms The thermal ri 
sponse to individual current puls¢ 
latter case 1s not so great a n the former 
since in the latter it is necessary to insulat: 
the thermocouple junctions from the tip, 
whereas in the former cast 
couplh may be soldered lire: 
welding tip 

Such dynamic tip temperature 
are a valuable guide in investigs 
causes of tip pickup, in evaluatin; 


*Table 1—Temperature Data for Welding Tips of Various Designs 


rime to 
Reach 
Initial Constant 
Temp., Temp., 
F Wel Is 
183 
193 
120 
139 


101 


After5 After10 After15 After2 
Welds 


Fig. 12 (a)—Oscillogram Showing Machine with Improperly Adjusted Air Valves 


Fig. 22 (b)—Oscillogram Showing Machine in Fig. 12 (2) with Properly Adjusted Air Valves 


Maximum Temperature, 


Peak 
Current, 
Wel is | Amp 

] 19.600 

14, 
19,600 


19,600 


benefits of tip refrigeration and in the de 


sign of improved welding tips. The data 
in Fig. 15 of tip temperature vs. weld 
number are replotted from oscillograms 
such as that shown in Fig. 14 

relation of this information with 

tip pickup has illustrated that pickup is 
more prevalent in the case of the most 
rapid rise to the highest average tempera 
ture Further examination of Fig 
hows that reducing the ten. perature ol 
the tip refrigerant  lesse. therefore 
the tip pickup 
emphasized that the temperature of the 
refrigerant is only one of the factors con 
Modification of 
tip design to take advantage of the in 


However, it should be 


trolling this condition 


herent possibilities of u provemet t trom 
a refrigerated coolant has been shown to 
be worth while [ypical oscillograph 
data accumulated for tips of different 
experimental designs are shown in Table 
l It is apparent that the poorest up 
from the point of view of pickup is No. 1 
whereas the best is No. 5; the others are 
intermediate 

Ideally, it should be possible to predict 
spot-weld quality from an inspection of an 
oscillogram. A large amount ol 
been gathered, as illustrated in 
relating shear strength of a wel o the 


maximum welding current, with clectrod 


force, timing and current ws form con 
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Fig. 14—Oscillogram Show:ng Typical Welding Tip Temperature Trace for Series 


of 
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Table 2—Test of Consistency of Welding Variables for Dual Force 
Welding Machine 


(a) 
Square Square Square 
Peak of Welding of Forge of 
Weld Current, Re- Re- Force, Re- Re- Force, Re- Re- 
No. Amp. sidual sidual Lb. sidual  sidual Lb. sidual  sidual 
1 19,900 150 22,500 860 58 3,364 1400 38 1444 
2 19,600 450 202,500 860 58 3,364 1400 38 1444 
3 19,600 450 202,500 860 58 3,364 1400 38 1444 
4 19,600 450 202,500 860 58 3,364 1400 38 1444 
5 20.900 850 722,500 860 58 3,364 1400 38 - 1444 
6 20,900 850 722,500 930 12 144 1470 32 1024 
7 19,600 450 202,500 960 42 1,764 1470 32 1024 
8 19,600 450 202,500 960 42 1,764 1470 32 1024 
9 20,600 550 = 302,500 1000 82 6,724 1500 62 3844 
10 20,200 150 22,500 1030 112 12,544 1470 32 1024 
(b) 
Peak Current Welding Force Forge Force 
Mean 20,050 918 1438 
Standard deviation 529 63 38.9 
Coefficient of variation 2.6% 6.8% 2.7% 


stant. Figure 16 shows such a ‘‘current 
characteristic’’ and the related ‘‘voltage 
characteristic’’ in condenser discharge 
welding for a particular gage combi- 
nation. Additional plots have been 
made for other gage combinations, 
which have proved very valuable in 
setting up spot-welding machines for 
production use and in interpretating oscil- 
lograms when searching for the cause of 
trouble in the case of a production break- 
down. The ultimate goal of this aspect 
of the oscillographic work would be the 
accurate prediction of weld quality from 
simple measurements taken from an 
oscillogram referred to plots such as in 
Fig. 16. 


‘Weld Consistency and Weld Speed 


An additional very important possi 
bility with the magnetic oscillograph 
equipment is the determination of the 
consistency with which the proper welding 
machine performance is maintained, es- 
pecially as related to speed of welding 
A welding machine consistency test is 
made by recording oscillograms for ten 
spot welds made at a given speed, com- 
puting the important welding variables 
from the oscillograms, analyzing these 
variables by statistical means and tabu- 
lating the data asin Table 2. Experience 
with correlating such oscillograph consis 
tency tests with actual day-by-day pro 
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duction spot welding has led to the con 
clusion that excellent consistency perfor- 
mance is indicated by a coefficient of 
variation under 5%, good performance 
by a coefficient between 5 to 7'/.%, but 


only fair performance by a co 
the range 7'/. to 10%. The 
of variation used above as th 

of consistency is defined as th: 

deviation expressed as a percent 

mean 

In a production operation su 
spot welding of aircraft suba 
the speed of welding is of cou 
portant factor. Since, however, 
that the welding machine functiv 
tently, particularly for primary 
spot welding, the magnetic os 
equipment may be used to deter: " 
are maximum welding rates with 
fice of consistency. The regula 
graph consistency test, as describ: 
may be used at gradually increasin; 
ing speed until the consistency of 
welding variables falls outside th: 
cepted range. Typical data for such 
analysis are shown in Table 5. |; 
particular instance since the cor 
started to be affected adversely at 
welds per minute for safe continu 
operation, a speed of 100 welds per minut: 
was recommended. 

Although the use of the magneti 
cillograph equipment in determining 
sistency of spot-welding machine opera 
tion has placed an upper limit on weldi: 
speed for satisfactory performanc 
use has resulted in increased speeds over 
those normally recommended by allowi 
the over-all weld cycle to be shorten 
toasafe minimum. An examination of 1 
oscillograms in Figs. 17 (a) and 18 
will suggest that the duration of 
pressure trace is in both cases in excess 
of what is required for satisfactory 
ing. Alterations in the welding machines 
resulted in the performance illustrated 
in the oscillograms of Figs. 17 and 
18 (b), which performance was in both 
cases satisfactory from the point of view 
of machine consistency and weld sour 
ness. This shortened weld cycle re 
resents an actual increase in welding 
speed from 46 to 76 welds per minut 
The weld cycle in Fig. 17 (b) may be 
further shortened, if desirable, as show: 
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- are shown in Fig. 19 (a Inspection of 
Table 5 Variation in Consistency of Welding Variables with Speed of Welding this oscillogram shows the current pulse 
: to be firing on the rising electrode force 
Coefficient Coefficient 
Mean Tip of Mean Peak of 
Force at Standard Variation, Current, Standard Variation 
Weld, Lb. Deviation Amp Deviation 
S80 32.1 3.6 42,500 324 : 
848 26 0) 36 42° 400 0 months before oscillographic measure 
36 5 l 42 820 392 ' ments allowed it to be detected and cor- 
rected. Quantitative analysis of the 


cycle, thereby requiring greater welding 
force than actually necessary, and limiting 
the alloy thickness that may be properly 
welded his condition existed for many 


oscillogram shows that a squeeze time of 
13 cycles is required for the electrode 
by the dotted line at the left. The ratio inferred from the oscillogram in Fig. 20, force to become constant and a hold time 
of the number of timing lines for the com- which represents the performance of a of 7 cycles is required for the welding 
plete weld cycle in Figs. 18 (a) and 18 (6) welding machine of the same type as that current to decay to zero. Although the 
sadicat ; a reduction in weld time in the for which the sequence dial calibrations correct values of the timing variables 
ratio 2 to 3. Examination of the weld 
eyele with a magnetic oscillograph may 
expected, therefore, to result in in 
creased welding speeds in many instances 

Another cause for welding machine 


ENERGY VS STRENGTH 


failure in condenser discharge welding + ; 24-ST ALCLAD 
040 X05! 


at high-speed operation, especially for 
heavier gages, 1s failure of the flux resetting 
circuit to demagnetize the core of the 
welding transformer, resulting first in the 
appearance of dud welds and finally in the 
failure of the condenser bank to charge 


ACTERISTIC 
2100 


CHARGING POTENTIAL - VOLTS 


CURRENT CHAR 
due to continuous firing of the so-called 7 . . 
shunt tube. This cause of trouble may 
be very readily detected by a magnetic 
oscillograph analysis since failure of the 
flux reset circuit to function results in the 
disappearance of the saw-tooth wave | VOLTAGE 
symmetrical with the zero line of the weld 
ing current in any of the condenser dis . _CHARACTERISTIC 
charge oscillograms illustrated in Figs. 10, 
consists essentially of a rectifier to pro 0 50 100 150 200 250 300 350 400 450 500 550 600 
vide direct current to demagnetize the SHEAR STRENGTH - POUNDS 
welding transformer between current 
pulses to increase transformer efficiency Fig. 16 
If this circuit fails the transformer be 
comes saturated causing decreased weld 
current and dud welds. Since the flux 
resetting rectifier is not completely fil- 
tered, the wave form referred to above rhprett tt 
appears on the welding current trace 
Consequently, if this wave form disap 
pears from the oscillograms, the presence 
of dud welds may be immediately attrib 
uted to the flux resetting circuit. 


{2000 


CURRENT - AMPERES 


11800 


Welding Machine Calibrations 


The magnetic oscillograph equipment 
has been used to considerable advantage 
in making possible calibration of controls 
and dials on production welding machines 
from data on actual welding machine 
performance as determined from oscillo 
grams. Perhaps the most critical dials 
that have been calibrated are those govern- 
ing the “‘squeeze’’ and “‘hold’’ times in 
condenser discharge welding and the cor- 
responding times in electromagnetic stor 
age welding. These times are defined 
in the schematic drawings of Fig. 8. Ex 
perience has shown an appreciable devia 
tion in actual machine performance from 
dial settings due most probably to mechan 
ical lag in relays and indicating a general 
need for calibration. In Figs. 19 (a) and 
19 are calibration curves for the im- 
portant dials on a condenser discharge 
and an electromagnetic storage welding 
machine, respectively, indicating the ex- 
tent of the necessary correction factor in 
typical cases. The importance of such 
calibrations for production work may be Fig. 17 (b)—Oscillogram Showing Weld Cycle in Fig. 17 (a) Reduced to a Minimum 


Fig. 17 (a)—Oscillogram Showing Unnecessarily Long Weld Cycle 
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Fig. 18 (a) 


Oscillogram Showing Ur- 
necessarily Long Weld Cycle 


are thus known, it would not be possible 
to set up a machine to duplicate them 
without a calibration curve such as in 
Fig. 19 (a Consequently, it is of 
greatest importance not only to cali>rate 
initially the sequence dials of the welding 
machines, but also to check these cali 
brations intermittently 

Another type of calibration of impor 
tance possible with the magnetic cscillo 
graph equipment is the pressure gage 
readings on the welding arm air cylinders 
vs. the actual dynamic electrode force as 
illustrated for a typical case in Fig. 21 
These dynamic calibrations are especially 
important fcr dual force welding and are 
more instructive than the static calibra- 
tions customarily made 


Trouble Shooting 


From the production point of view a 
most valuable application of the oscillo- 


Fig. 18 (b)-Oscillogram Showing Weld 
Cycle in Fig. 18 (a) Reduced to a Minimum 


graph equipment is its us: 
trouble in the matter of a few 
case of breakdown in either t] 
cal, electrical or thermal ox 
tures of the welding machi: 
prevalent, and vicious diffi 
the point of view of quality 
sudden and unexplainable ap; 
dud welds. A case of this typ 
has already been discussed aly 
nection with the failure of t} 
setting circuit at very high wel 
or when welding heavy mat 
another case of the appearan 
welds intermittently in dual fo 
ing, an analysis of a series of osci 
showed that corresponding to 
weld there was a failure of the 
mechanism resulting in the appli 
constant high pressure. At th 
contact resistance to which the 
being cleaned, this constant hig! 
reduced the effective contact r 
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sufficiently so that not enough heat 
generated for complete fusion and 
welds resulted. 


These examples ol 
cessful and rapid trouble shooting wit! 
oscillograph equipment have been c! 
from many others, the descripti 
which in detail would be be ond th 

of this paper 


Miscellaneous Applications 


In additien to the oscillograph ap} 
tions already discussed relating | 
pally to establishment of spot-welcing 
technique, and welding machine 
tion, calibration and maintenance, 
additional ones will be listed here to 
cate the general usefulness of the equ! 
ment in a spot-welding department 
possible to make a record of any v 
in the electronic control panel of th: 
ing machine simultaneously with 
welding variables. Such informatior 
great value in analyzing the over-al 
formance of a welding machine. T: 
ents from the low-voltage power sou! 
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number of welding machines frequently 
terfere with the proper functioning of 
etronic control panels. The mag- 
oscillograph is a very valuable tool 
locating the source and cause of such 
Again these miscellaneous 
lications are only a few of many men- 
ed to indicate the scope of application 
magnetic oscillograph equipment 


tion. 


Welding Machine Control 
As a result of the successful and instruc 
ipplication of the magnetic oscillo 
equipment to the development of 
ing procedures and to welding ma 
operation and maintenance, a routine 
thly check with it of the operation of 
spot-welding machines has been estab 
This check includes taking os 
llograms for 
Ten spot welds at a high electrod 
force setting (heavy gage com 
bination). 
rhree spot welds at a low electrode 
force setting (thin gage combina 
tion). 


Fig. 21 
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These spot welds are made on repeat at 
the speed of operation ordinarily used for 
production work and at the regularly pre 

scribed machine setting From thes 
oscillograms, a study of the electrical and 
mechanical characteristics of the machine 
and the machine setup is mad The 
specific information determined is as 


follows 


Electrode force-air cylinder gag 
pressure ratio, especially con 
sistency 

Peak welding current and current 
wave form, especially consistency 
Timing and rate of rise ol forge 
force, where applicable 
Accuracy of sequence timers 
5. Number of spot welds per minut 


If as a result of such a check results are 
obtained that are not within the limits 
established above for satisfactory per 
formance, adjustments are made and the 
check repeated until satisfactory pertor 
mance is obtained This procedure for 
spot-welding machine control is recom 


mended as adequate in the welding of 


Fig. 20—Oscillogram Showing Machine 
Firing with Rising Electrode Force 


aircraft subassemblies including 
containing primary structures 


IV. Acknowledgments 


The authors wish to acknowledge the 
very valuable assistan received from 
Miss Frances G. Findley in developing 
the temperature recording system used 
with the magnetic oscillograph Thanks 
are due also to Edgar B. Charles for th 
work he has done in analyzing many 
oscillograms, and to J. D. Shreve, Jr., for 


assistance in recording the oscillograms 


References 


l Hess, W.1 and Wy 
of Studying the Effect ri 
Resistance Welding Machine 
JOURNAI 19 (10 Research 
$40-s (1940 

2 Wolfe. H., and Powell, R. W 
Measuring Tip Force and Current tn 
ing Ibid., 20 (6 Research Supp 
296-s (1942 


PRODUCTION CONTROL OF ALUMINUM SPOT WELDING 


| 

| | | | 
Nes 

T | 
| 
0 | 
0 32 
‘ 

| those 
| 
> > 
40} | 
FORCE 

| i Inertia in 

| | | Device for 
0! | —1— pot Weld 
ol 0 200 400 || 203-s to 


HIS report shows that chemical 

treatment can produce low and con- 
sistent surface resistances on  nitrate- 
treated Alclad 24S-T for spot welding, pro- 
vided the surfaces have been properly pre- 
cleaned and are free from baked-in oil or 
grease. Several solutions are effective 
oxide removers: 


1. Commercial preparations of the 
acid type. 

2. Any of the common acid sulphates 
plus a wetting agent. Sodium bi- 

; sulphate is the cheapest. 

3. Dilute sulphuric acid plus a wetting 
agent. 


In operation a short induction period, 
during which some aluiminum dissolves in 
the bath, is necessary for good consis- 
tency. Contact resistance measurements 
are most indicative for control of the proc- 
ess, but for the last two treatments pH 
measurements may also be used. Limits 
on pH, temperature and time of treatment 
for these solutions are described. This in- 
vestigation shows that plain sulphuric acid 
plus a wetting agent has the widest operat- 
ing range. 

Air heat-treated stock behaves much 
more erratically than nitrate heat-treated 
stock. For the greatest consistency in 
surtace resistance all material 0.040 in. and 
under should be nitrate heat-treated. 

In clean air, aluminum which has been 
wire brushed or properly chemically 
treated may be stored as long as 7 days 
without any harmful rise in surface resist- 
ance. This time might be considerably 
shortened in the shop because of handling 
and dirt. 

Final rinse water temperatures above 
100° F. should be avoided, but after a cold 
final rinse, a short hot spray may be used 
to promote drying without too much boss in 
consistency. Swabbirg removes lopsened 
particles and promotes good consistency. 

Several types of degreasers are listed and 
evaluated for dirt and paint removal. 
After an alkaline precleaner, a thorough 


* Report No. 10 on Aircraft Spot Welding 
Research, submitted September 1942 by Welding 
Laboratory, Rensselaer Polytechnic Institute, 
Troy, N This is the second of a series of 
reports on the surface treatment of aluminum 
alloys in preparation for spot welding. The first 
report appeared in THe Wertpinc JouRNAL for 
June 1942. It described the use of contact re- 
sistance measurements as an indicator of the 
weldability of aluminum surfaces and it showed 
the critical nature of hydrofluoric acid solutions. 
The present report is primarily devoted to in 
vestigations of hot solutions third report, 
which will be published in the near future, is 
primarily devoted to studies of solutions which 
operate at room temperature. One of the solu- 
tions (No. 14) described in the third report has 
a number of advantages over other solutions 
which the authors have investigated. A paper 
will appear in the near future describing success- 
ful factory experience with this solution. 


The Surface Treatment of Alcla 
Prior to Spot Welding 


By W. F. Hess, R. A. Wyant, and B. L. Averbach 


rinse is important to avoid contamination 
of the acid oxide remover. 


Introduction 


In the spot welding of aluminum alloys 
for aircraft structures it is now agreed that 
the surface film plays an extremely impor- 
tant part in determining weld quality. 
Every major aircraft company now uses 
some method of surface conditioning prior 
to spot welding, and one authority states, 
it appears that at least 75% of the 
troubles experienced with surface spitting, 
weld spitting, irregularity in weld shape, 
and the extent of electrode pickup can be 
attributed to improper surface prepara- 
tion.”’' Only recently has the contact 
resistance method been developed for the 
study of aluminum surfaces prior to spot 
welding. This method was described in 
our Report No. 3, and the present paper 
describes further applications of this 
method to an investigation of new pro- 
cedures for the surface treatment of alumi- 
num alloys.” 

Report No. 3 established the following 
conclusions about chemical treatments of 
0.020-in. Alclad 24S-T: 


1. When the contact resistance was 
plotted as a function of time of treatment, 
a “V” curve was obtained. The contact 
resistance first fell as the original oxide film 
was removed, then there was a period of 
equilibrium during which the surface con- 
tact resistance remained low, and finally 
the surface resistance rose again as another 
film was built up on the surface 

2. The best welding conditions oc- 
curred at surfaces where the resistance 
measurements were the lowest and most 
consistent. Welds made at high surface 
resistances exhibited irregular fusion as the 
current sought out the paths of lowest re- 
sistance. Such welds also had irregular 
“‘cloverleaf’’ impressions, and produced 
high sheet separation. 

3. Hydrofluoric acid solutions were ex- 
tremely critical in that the time of treat 
ment had to be controlled within a few 
seconds to obtain the minimum resistance 
Alkaline solutions based on sodium hy- 
droxide were also erratic and, in addition, 
produced a dull mat finish. Some com 
mercial acid solutions were capable of pro- 
ducing a bright mill finish of low resistance 
with an operating leeway of several min- 
utes. Wire brushing produced a_ uni- 
formly low contact resistance of about 10 
microhms. 


This report describes an investigation 
whereby the contact resistance method is 
applied to a study of the treatment of 
0.020-in., 0.040-in. and 0.064-in. Alclad 


402-s 


24S-T in some commercial oxic: 


solutions and in 
solutions. 


some 
Dispersion charts show ¢} 


newly 


sistency in surface resistance whi 


expected, and “V”’ 


Curves Were | 


the operating limits for temperaty 


centration and time 


of treatment 


elapsed time after treatment wa 
gated as a function of surface r 
and some work was done to dete: 
effectiveness of several types of degreasers 


New information 


was 


obtained 


d 245-T 


nav ty 


reasons for the rapid rise in surface r 
ance shown by the thinner gage 
treatment, and pronounced diffe: 
tween air heat-treated and nitrat: 
treated stock were discovered 


Measurement of Contact Resistance 


Contact resistance measurements wer 
made by clamping the specimens | 


Lweer 


two 4-in. R. dome welding electrod 
mounted in a hand-operated hydrau! 
press, shown schematically in Fig 
(iit 
SCALE —+++> SPRING 
S DOME 
ELKALOY-A 
SPECIMENS ELECTRODES 
T LEAD 
a CURRENT LEA 
—+-+-HYDRAULIC JACK 
i 
Fig. 1—Press for the Measurement of 


Contact Resistance 


Pressure was measured by the defi 
of the calibrated spring and contact 1 


ance measurements were made at 


Resistance measurements were mad 
a modified Kelvin double bridge sh« 


Fig. 2. 
Five 


at a current 
measurements 


set of specimens, and occasionally, aft 


were 


of about 70 
made 


resistance measurements had been 
the same two pieces were welded in 


denser discharge welder. In 
the weld quality checked closely wit! 


contact resistance. 


* For another method 
resistance see Reference 4 
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3. Cold dilute acid. 
4. Alkaline. 


Oakite 84-a is a preparation of the first 
type. Kelite Process K-1 belongs to the 
second class, and hydrofluoric acid solu- 
tions are examples of the third type. 


o-+- 


TIME OF TREATMENT- MIN. 
Fig. 3 


a 


~ Turco Coldweld is a product intermediate 
— between the second and third classes. The 
fourth class includes Oakite 30 and various 
caustic solutions 
AMMETER 
G- GALVANOMETER 
CARBON PILE RESISTOR Results 
VR- VARIABLE RESISTANCE ARM 
SR- STANDARD RESISTANCE « Oakite 8&4 
633 x 10°© onms 
Oakite 84 was one of the first hot, acid, 
fig. 2.—Kelvin Double Bridge Circuit oxide-removing solutions to be tried com- 
mercially. Figure 3 shows the contact re- 
ay | Considerable difficulty was first experi- of ae 
this was due to the fact that there was too 
rt much play in the sliding heads of the press. ti h 
ve When this play was removed the difficulty 
‘sistances e reproduced at wi 
ance was eliminated. Some of this work was ; 
jone in a press where the electrodes were On the steep portion of the characteristic 
dc ‘ 
es mounted in a die set with very small sliding the re adings were, of course, much more 
clearances, and this system also provided ill 
ene ore critica an the heavier 
hea system which guides the electrodes, and it 
has frequently been observed that with 
even a small amount of lateral displace- wma 
ae ; . that the thicker gages may have a thicker 
e ment the machine behaves erratically. 
Test specimens were cut in accordance initial oxide film. Two effects may con- 
m with the dimensions shown in Table 1 and ie ae! this increase in film thickness. 
we each specimen was carefully deburred prior = heating 
ulrec or the heat treatment of the 
to treatment q ‘ 
The pH of both the oxide-removing solu- 
checked frequently. For the acid pH are rollec lave abou 1e Same initia 
measurements a standard Beckman pH thickness of oxide, and therefore, the thick- 
meter with glass and saturated calomel ness of the final oxide film becomes less as 
electrodes was used, but for pH measure- rolled 
ments above 9.0 a special high pH glass 
dectrode was used however, is that the rise in resistance on 
Most of the oxide-removing solutions in overtreatment 1s much rubs rapid in the 
use today fall into four categories: 0.020-in. material than in the heavier 
: gages. It is probable that the surfaces of 
s l. Hot dilute acid. 0.020-in. Alclad 24S-T contain more cop- 
EAD 2. Cold concentrated acid. per constituents which have diffused from 
| | | } 
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SURFACE TREATMENT OF ALCLAD FOR SPOT WELDING 


the base plate than do the surfaces of the 
thicker materials. Small isolated copper 
rich areas on the surface would accelerate 
the etching and might cause the more sud 
den rise of contact resistancs Some in 
vestigations described later have tended 
to verify this explanation 

Figure 5 shows the action of Oakite 84 
on bare 24S-T alloy, with no aluminum 
cladding. In this case it seemed impos- 
sible to overtreat. After 1 hr. in the solu 
tion the surface resistance was only 10 
microhms. After 8 min. in the bath, how 
ever, a black smut began to form on the 
surface, but this did not become too notice 
able until the treatment was prolonged to 
15 min. In no case, however, was the 
smut objectionable from a welding stand 
point. A cold nitric acid brightening dip 
(25% by volume used for 30 sec.) removed 
this smut, but it also raised the resistance 


Table 1—Specimens Used for Contact 
Resistance Measurements 


Alclad 24S-T 


0.016 In 3 In 
0.020 In 3 In 
0.040 In 3/,x4In 
0.064 In. l x 5In 


Unless otherwise specified the procedure 
was as follows: 


1 Degrease in a mild alkaline cleaner 
(such as Aviation Oakite, Kelite 
KDL No. 1, or Navy Specifica 
tion C-67-C) at 180-212° F. for 5 
min. 
2. Rinse thoroughly in cold water 
3. Treat specimens in’ oxide-removing 
solution 
4. Rinse in cold water 
5. Wipe with a clean dry towel.” 
6. Measure the sheet-to-sheet contact 
resistance. 
* Recent research has shown that al! specimens 
for contact resistance measurements should be 
dried in clean air. Wiping is to be avoided since 


it tends to make the contact resistance high and 
erratic 
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considerably. In the absence of the pro- 
tective Alclad coating, nitric acid slowly 
attacks the 24S alloy, and since it is an 
oxidizing acid it probably re-oxidized the 
surface. The optimum time of treatment 
was between 5 and 8 min., for between 
these limits not only was the resistance 
consistently low, but the stock also re- 
mained bright. 

If this alloy were welded extensively in 
aircraft production chemical oxide re- 
moval would be almost imperative, since 
it is difficult to wire brush this material. 
Unlike Alclad material, the surface of bare 
24S-T is comparatively hard, and the 
brush slides over certain patches and tears 
out some of the alloy constituents in 
streaks. Figure 5 shows that wire-brushed 
material had a contact resistance consider- 
ably higher than the chemically treated 
stock, and the individual readings were 
more erratic for wire-brushed material 
than for material treated under optimum 
conditions. 


Oakite 84-a 


The manufacture of Oakite 84 was dis- 
continued and in its place Oakite 84-a was 
introduced. Several of the wetting agents 
used in the Oakite 84 were no longer avail- 
able and, in addition, these wetting agents 
had been breaking up after prolonged heat- 
ing to form an oily froth which floated on 
the surface and interfered with operations 
in a large tank. In the No. 84-a solution, 
the major change was in the wetting agent, 
which was now of the alkyl-aryl type, and 
which was stable in acid solution at ele- 
vated temperatures. Both the No. 84 and 
the No. 84-a solutions had a pH of about 
1.30. 

Figure 6 shows that the safe operating 
time in this solution for the 0.020-in. 
material extends from 2to4 min. This is 
considerably shorter than the operating 
limits shown for the No. 84 in Fig. 3. In 
addition, the surface of the material treated 
in the No. 84-a was of the water-break 
type whereas the surface from the No. 84 
treatment was of the no-water-break type. 
To show just what variations in surface 
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resistance could reasonably be expected 
with a controlled treatment, 50 readings 
were made on 20 different pieces treated 


for 3 min. in Oakite 84-a. Figure 7(A) 
shows that all of the readings fell between 
5 and 25 microhms with a large majority 
of the readings between 7 and 11 microhms. 
From a welding standpoint such a disper- 
sion would be satisfactory, but to obtain 
it in practice would require careful control 
of the bath, and the aluminum sheet 
should be free from water stain and baked- 
on oil. 

For the 0.040-in. and 0.064-in. ma- 
terials the operating range in the No. 84-a 
solution is somewhat wider, but Fig. 8 
shows that it is still possible to overtreat 
these gages. A 5-min. treatment for 
these thicknesses provides a minimum sur- 
face resistance, but an overtreatment in 
this case is probably less serious than in 
the 0.020-in. material since experience has 
shown that the spot welding of thicker 
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gages is less sensitive to surface ré 
than in the case of the thinner gag: 
the other hand, an undertreatment 
always be avoided since it leaves ; 
of the original oxide film on the 


and leads to spitting and irregular fusi 


The exact minimum time to obtair 
resistance sensitive to the pr 
history of the material but if a treat 
time midway between 


is 


is chosen 


maximum and minimum time limits t! 


is a reasonable assurance of consis! 
low surface resistances. 

In a plant installation it would | 
sirable to know just how much the 


perature of the bath could safely var 


For Fig. 9 the time of treatment wa 
constant at 3 min., which is the opti 
time at 180°, and the bath temper 
was varied. It is evident that a: 
5° F. will begin to give erratic surfa 
sistances and a 10° F. 


the resistance considerably. On th: 


rise will inc: 
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hand, the temperature may be lowered 
15° F. without any difficulties. For the 
best operation the bath should be kept 
within +5° F., although there would 
probably be no great harm if it were kept 
within =10° F. 

Figure 10 (A) shows the effect of tem- 
perature on the shape and position of the 
characteristic curve for Oakite 84-a. At 
if0° F. the curve is considerably wider 
and is shifted somewhat to the right of the 
curve at 180° F. At 200° F. the curve 
has been greatly narrowed and moved to 
the left. It is evident that at 160° F. the 
time of treatment is far less critical than 
at 180° F. and it is possible to obtain low 
resistances at any time between 3 and 10 
min For the 0.020-in. material the 
optimum time could be 5 or 6 min. while 
for the 0.040-in. and 0.064-in. materials 
the optimum time would be about 7 
or8min. Figure 10 (B) shows, however, 
that the bath would still have to be kept 
at 160 + 10° F. for satisfactory operation. 

After the No. 84-a solution had become 
defective with use, that is, when it was 
impossible to obtain a consistently low re- 
sistance at the treating times indicated in 
Figs. 6 and 8, the pH was found to have 
remained unchanged at 1.3. Since this 
solution is well buffered, very little change 
in pH could be expected, and this also 
indicates that the bath does not become 
ineffective because of a lowering of the 
hydrogen-ion concentration. This fact 
eliminates the pH measurement as a 
method of control for this solution and it 
seems that the measurement of contact 
resistance offers the best method of con- 
trolling the bath. 


Dirty Stock 


Not all types of surface are amenable to 
chemical treatment. For example, a 
batch of Alclad 24S-T trimmings from ma- 
terial formed in a press at an aircraft com- 
pany was received. A great deal of oil and 
dirt had been forced into the surface dur- 
ing the forming, and the stock had then 
apparently been heat treated without a 
very thorough cleaning. No chemical 
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treatment was able to reduce this surface 
below 400 microhms and, upon welding, 
these specimens showed very irregular 
welds and extremely high sheet separa- 
tion. 

This same situation exists in stock which 
is water stained, that is, stock which has 
been stacked in piles and which has been 
allowed to dry with water between the 
sheets. Such stock is actually corroded 
and pitted, and the attack of the chemical 
oxide remover is very spotty and erratic. 
Both the dirty heat-treated stock and the 
water-stained stock could be welded 
satisfactorily only if the surface were wire 
brushed. Evidently, special precautions 
should be taken to maintain the cleanli- 
ness of stock which is to be chemically 
treated prior to spot welding. If this is 
not done, the oxide must be removed by 
mechanical means. 


Modified Solutions of Oakite 84-a 


In an attempt to regain the no-water- 
break surface the No. 84-a solution was 
modified by changing only the wetting 
agents. Figures 11 and 12 illustrate two 
such solutions, No. X-45-A and No. X- 
46-A. These wetting agents were stable 
at the operating temperature, and the 
solutions were similar to the No. 84-a 
except that in the thicker gages the con- 


Table 2—Oxide-Removing Solutions’ 


Solution 
Number 
Oakite 84-a 
Kelite KDL No. 1 
4 


Constituents 


NaHSO, 
Nacconal NR 


5 H.SO, 
Nacconal NR 
6 NH,HSO, 
Nacconal NR 
KHSO, 


Nacconal NR 


NOTE: 


7.5 gm./liter = 1 oz./gal. 


300} + + 

z - + + 
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NO.4 SOLUTION 
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Fig. 13 


tact resistance rose more rapidly as the 
time of treatment Both of 
these solutions retained the water-break 
surface, and were considered inferior to 
No. 84-a. 


Plain NaH SO, Solutions 


Since the hot weak acid solutions had 
been found satisfactory, plain NaHSO, 
was tried at a concentration of 40 grams 
liter* as an oxide remover. Figure 13 
shows that with plain NaHSO, low re- 
sistance may be obtained on 0.020-in. 
stock at any time between 4 and 8 min. 
Such a solution would be satisfactory, but 
it was found that the addition of a wetting 
agent, such as Nacconal NR, improved 
the consistency of measurement, and 
tended to broaden the bottom of the curve 
Solution No. 4 (see Table 2), consisting of 
NaHSQ, and Nacconal NR, provided a 
safe working range with low resistances 
between 3 and 10 min. All of these solu 
tions still produced a bright mill finish. 

With plain NaHSOQ,, the consistency 
seemed to be very sensitive to the quality 
of the degreasing, and the consistency 
varied with different batches of the solu 
tion. With the addition of the wetting 
agent (Solution No. 4) the consistency 


increased 


* 7.5 gm./liter = 1 oz./gal 


Concentration pH 
45 gm./liter Oakite 84-a 1.30 
1:1 Solution 
gm./liter NaHSO, 1.15 
2 gm./liter Nacconal NR 
(10 ce./liter S.G. = 1.84 1.01 
2 gm./liter Nacconal NR 
{35 gm./liter NH,HSO, 1.15 
2 gm./liter Nacconal NR 
gm./liter KHSO, 1.15 
| 2 gm./liter Nacconal NR 


* Many of the commercial solutions mentioned in this report have already been pat- 


ented or have had patents applied for 
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improved greatly and the entire process 
seemed less sensitive to operating condi 
tions. 

When a fresh batch of either solution 
was made up, there was a short induction 
period at the very beginning during which 
the contact resistance was somewhat 
erratic. As soon as some aluminum was 
in the solution, either from the material 
which was being treated or from small 
additions of Al,(SO,)3, the consistency 
improved. Figure 14 (A) shows 50 read- 
ings made on the first 20 pieces treated in 
a fresh solution of NaHSO,. The addition 
of 1 gm./liter of Al,(SO,)3;;H2,O improved 
the consistency, as shown in Fig. 14 (B), 
and the addition of 2 gm./liter of the wet- 
ting agent, Fig. 14 (C), improved the con- 
sistency still further. When aluminum 
was first dissolved in the bath the solu- 
tion first turned milky but cleared up on 
subsequent heating. Induction periods 
have been observed for other aluminum 
reactions,’ and there have been similar 
observations by several operators of oxide- 
removing baths. 

Figure 15 shows that this solution has a 
wide operating range for both the 0.040- 
in. and the 0.064-in. materials. Low re 
sistances are obtained from 6 min. to 15 
min. and between 15 and 30 min. the sur- 
face resistance rises very slowly. If a 
treating time of 8 min. were chosen, low 
resistances would be possible even if the 
treating time were as much as 2 min. 
too short or 7 min. too long. For maxi- 
mum consistency, however, the time of 
treatment should be controlled within 
min. 

If the temperature is dropped to) 160° 
F., Fig. 16, the curve for the 0.020-in. 
gage moves several minutes to the right 
and also widens considerably. At this 
temperature, low resistances are obtained 
between 6 and 20 min. If the temperature 
is raised to 200° F., the curve moves 
several minutes to the left and becomes 
narrower. Even at 200° F., however, the 
curve is sufficiently wide so that a time of 
treatment may be chosen which is not 
critical. Figure 16 (B) shows that at a 
treating time of 6 min., the temperature 
could vary between 160° and 200° F. 
without seriously varying the contact re- 
sistance, but for maximum consistency 
the temperature should be kept at 180 + 
10° F. 

During the operation of No. 4 solution 
it became evident that careful pH meas- 
urements could be used to control the 
process, since no buffer was present. 
Figure 17 shows that as the pH was 
lowered, i.e., the concentration raised 
(see Table 3), the curve moved to the left 
and was narrowed. As the pH was raised, 
i.e., the concentration lowered, the curve 
moved toward the right and was widened. 
If Fig. 17 is compared with Fig. 13 it is 
evident that if the time of treatment was 
kept at 6 min. for the 0.020-in. material 
the pH could vary from 0.67 to 1.40 
without raising the contact resistance ap- 
preciably. For the best bath operation, 
however, the pH should be maintained 
between 1.0 and 1.2. 


Other Bisulphate Solutions 


KHSO, and NH,HSO, solutions were 
also tried ata pH = 1.15. Table 2 shows 
the composition of these solutions, and a 
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Table 3—Concentration vs. pH 
Solution No. 4 
Concentration NaHSO, 


(gm. /liter) pH 
15 1.40 

38 1.15 

41 1.03 

60 0.85 

90 0.67 

120 0.61 


Solution No. 5 
Concentration H,SO, 


(ce. /liter) pH 
1 1.45 

2 1.18 

8 1.05 

10 1.01 

16 0.75 

20 0.60 


comparison of Figs. 13 and 18 shows that 
these bisulphates are identical in action. 
Sodium bisulphate is, of course, the 
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cheapest and most readily available acid 


sulphate. 


Solution No. 5 


Since the acid sulphates are effectively 
equivalent to sulphuric acid in their r 
tions with aluminum, a dilute sulphuri 
acid solution with approximately the same 


PH as Solution No. 4 was 


Figure 19 shows that a solution consisting 


of : 


H,SQ, (c. p. 98%) = 10 


in vestigated 


mi. /liter 


Nacconal NR = 2 gm. /liter 


provided long periods in which to obtain 


low surface resistances. For 


the 0.020-in 


material, this solution (Solution No 
produced low resistances at any time | 


tween 4 and 15 min. 


With the 0.040-in 
and 0.064-in. materials, show 


n in Fig. 2 


the resistances are also low between 4 and 


15 min. and rise very slowly 


if the treat 


ment is extended to 30 min. For the 
0.020-in. gage, Fig. 7 (B) indicates that a 
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min. treatment provided remarkably surfaces. If the temperature is maintained 
onsistent surface resistances with 70% at 180 + 10° F. and the pH at 1.0 = 0.1, 
f the readings between 4 and 6 microhms, and if the material were well cleaned be- 
und with the highest reading at 16 fore entering, this solution shuuld give 
microhms excelient consistency because of its wide 
Solution No. 5 also has wide leeway operating limits in all respects Number 5 
with respect to operating temperature. solution has wider operating ranges than 
Figure 21 (A)shows that even at 200° F. any of the bisulphate sclutions and be- 
the operating limits are wide, while at cause of its cheapness and ready availa- 
160° F. the curve has shifted to the right bility it should recommend itself to the 
and the operating range has been ex- aircraft industry 
tended from 6 toalmost 20 min. For a 6- 
min treatment, Fig. 21 (B) shows that the Surface Treatment of Pure Cladding 
temperature could vary from 160 to 200° In an attempt to see whether diffusion 
F with practically no change in resistance of copper from the 24S base plate ac- 
Similarly Fig. 22 and Table 3 show that counted for the rise in contact resistance 
the pH and concentration could be varied on overtreatment, some of the pure 
within rather wide limits to give satis aluminum cladding material was obtained 
factory surface resistances. A treatment in 0.02U0-in. sheet and treated in the No. 4 
time of 6 min. would produce low re- solution. Both air heat-treated and 
istance even if the pH varied between nitrate heat-treated stock was tried, and 
60 and 1.20. For the best operation Fig 23 shows that there was a slight 
however, the pH should stay between 0.90 difference between the air- and nitrate- 
and 1 10. treated materials in the length of time re- 
In plant operation with this solution it quired to reach the low resistance posi- 
would be difficult to obtain the consistency tion of the curve. The surface resistance 
indicated in Fig. 7 (B) with all types of of the 0.020-in. cladding material, which is 
A EFFECT OF BATH TEMPERATURE ae | i} EFFECT OF PH 
. NO.S SOLUTION - PH = 4 NO.5 SOLUTION 
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99.7% aluminum, did not rise after 10 
min. the way the 0.020-in. Alclad ma 
terial rose in Fig. 13. After 30 min. in the 
bath the resistance was still fairly low 
aithough it tended to be somewhat 
erratic. A comparison with Fig. 15 shows 
that this curve is very similar to the one 
obtained for the 0.040-in. and 0.064-in. 
Alclad 24S-T. This tends to substantiate 
the conjecture that the diffusion of copper 
through the cladding to form isolated, 
copper-rich areas on the surface might be 
responsible for the rapid rise of contact 
resistance for 0.020-in. Alclad 24S-T as 
the time of treatment is prolonged 

When 0.020-in. bare 24S-T was treated 
in the same solution, Fig. 24, the contact 
resistance came down within 1 min. and 
was consistently low even after 30 min. of 
treatment. On a pure aluminum surface 
the appearance of small isolated copper 
rich areas would produce a greater differ- 
ence in potential than copper-rich areas 
in a uniformly copper-rich matrix and 
this may account for the greater sensi 
tivity of Alclad 24S-T to treatment. 
After 6 min. a gray smut began to form on 
the surface of the 24S-T and after 8 min 
of treatment considerable smut was being 
removed by the wiping towels. There was 
no apparent difference between air-treated 
and nitrate-treated stock. 


Alclad 245S-T, 
Treated 


Air and Nitrate Heat 


The No. 4 solution was also tried on 
0.016-in. Alclad 24S-T to see whether 
this gage would be even more critical than 
the 0.020-in. material. Figure 25 shows 
that nitrate-treated 0.016-in. Alclad 24S-T 
was identical with the 0.020-in. nitrate- 
treated material used for Fig. 13. Air 
treated stock, however, was vastly differ 
ent and Fig. 25 shows that it was im 
possible to obtain consistently low re 
sistances at any treating time 

To check the difference between air- and 
nitrate-treated stock, some (.020-in. Al 
clad 24S-T, air treated, was tried in No. 4 
solution. Figure 26 shows that here also 
it was impossible to obtain low resistances 
on the air-treated material. During the 
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times when the nitrate-treated stock had 
given low resistances, the air-treated stock 
produced very high and erratic results. 
When material treated in this way was 
spot welded, the welds showed the char- 
acteristic irregularities and high sheet 
separation of an erratic surface resistance. 
On prolonged treating times, beyond 15 
min., the cladding on the air-treated stock 
was almost entirely stripped off, indicat- 
ing that it was reacting very much more 
rapidly than the nitrate-treated material. 
Consequently, at 20 min., and beyond, the 
resistances fell as the surface became more 
nearly plain 24S-T. 


Similarly, for the 0.040-in. material, 
Fig. 27, the air-treated material was very 


erratic in comparison with the nitrate- 
treated stock. It was not quite so erratic 
as the 0.020-in. air-treated material since 
it was possible to obiain comparatively 
low resistances for treatment times be- 
tween 4 and 5 min. 

With the 0.064-in. material, Fig. 28, 
most of the differences between air- and 
nitrate-treated stock tended to disappear. 
Although the air-treated stock did fall to 


its minimum resistance a few minutes be- 
fore the nitrate-treated stock, it is signifi- 
cant that it was consistent within itself 
and that a treatment time of 8 to 10 min. 
was sufficient to produce consistently low 
resistances in either material. 

Since the differences between air- and 
nitrate-treated stock are exaggerated as 
the material becomes thinner and pro- 
gressively disappear as the material be- 
comes thicker, it seems that this phe- 
nomenon may again be tied up with dif- 
fusion of copper from the base plate. For 
the thinner gages the longer heating time 
and the prolonged exposure to the atmos- 
phere in air furnaces may increase the 
diffusion and so change the composition of 
both the cladding and the oxide film, that 
the surface is erratically attacked by the 
oxide-removing solution. This is also sub- 
stantiated by the ease with which the 
cladding was dissolved away in the 0.020- 
in. air-treated material. As the thickness 
of the Alclad increases in the heavier gages, 
there is less diffusion of copper constitu- 
ents to the surface and the behavior be- 
comes progressively until 


less erratic, 


with 0.064-in. material there | 
cant difference between air 
stock. 

The surface characteristics of alyminy, 
alloys may also be sensitive to 
in the processing. Flat-rolled 
differ from strip-rolled materia 
ing practices are not the sam: 
plants, and the annealing op 
the various sheet thicknesses ar; 
Heat treatment may be effected i; 
ous air furnaces, batch type fur: 
nitrate baths. Many times the he» 
treating is done by the fabricate, 
sometimes parts are heat treat 
before they are finished. More y 
necessary to determine what 
of these variables has on both th; 
face treatment and on the welding 
acteristics. For this investigation, th 
only variable which was definitely knoy 
was the type of heat treatment. The ;, 
sults indicate that with Alclad 24S-T \ 
than 0.064 in. thick it is advantageoys ; 
use nitrate-treated stock if the materia 
to be chemically prepared for spot 


ing. With material 0.064 in 
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Fig. 29 Fig. 30 Fig. 31 
either air- or nitrate-treated material is face after treatment in the oxide remover, will also remove much of this loosened 
satisfactory. it also shows that specimens which have dirt, but in many cases a light swabbing 
not been wiped are still consistent enough after the degreaser is necessary to produce 
Effect of Final Rinse Water Temperature to behave very satisfactorily in the spot a clean bright surface. Occasionally, for 
welder. If the material has much im- severely worked surfaces, or for surfaces 
Since, in practice, it might be of ad- bedded dirt on the surface a light swab- with deeply embedded grit, a light swab- 
vantage to use a hot final rinse to facilitate bing in the final rinse would improve the bing after the oxide-removing bath is also 
irying, the effect of the final rinse water consistency very helpful in obtaining a bright surface 
temperature was investigated. After and in improving the consistency of the 
treatment in No. 4 solution, the speci- Degreasers surface resistance. 
mens were given a hot rinse and then dried 
vith a towel. Figure 29 shows that a To prepare parts for a chemical oxide the degreasers shown in Table = were 
inal rinse temperature of 100° F. had no removal, it is necessary that the surface tested oy degreasing standard 0.020 in 
effect on the characteristic curve, but when be free from any interfering dirt and oil Alclad 245-1 specimens for 5 min. at 180- 
the temperature was raised above this, films. For this purpose most plants use a 200 F After a thorough cold naar! 
Fig. 80, the contact resistance measure- hot alkaline precleaning or degreasing rinse, the surfaces were investigated 
‘daw solution which usually consists of NasPO,, for water break and adhering dirt These 
case the pieces were kept at least 10 sec. in Na:CO; (or both), soap, and some sili- ee then treated m an ocd 
the rinse. cates to inhibit attack on the aluminum. oxide-removing solution, No. 4, after 
Anodic coatings may be sealed by boil- There are several satisfactory degreasers, 
g them for short periods in water. Such and Table 4 lists some of the preparations dried. The surtace resistances were then 
a treatment converts the Al,O; to Al.O;-- which were tested from the standpoint of mensured. yee 
H,O, and the hot water may have quite a subsequent operation in the oxide-re- This investigation showed that there are 
similar effect on the material after it has moving bath 
been through the oxide-removing solu- Aluminum is readily attacked by alka- 
tions. A temperature of 100° F. is ap- line solutions if the pH is greater than 8.0) = 
parently too low to affect any such sealing If, however, some SiO, in the form of EFFECT OF DEGREASER 
action, but short times at 140, 175 or soluble silicates is present, a silicate film cee" ace 0694 
212° F. are sufficient to make the surface forms immediately on the surface and in KELITE KOLNO.! 
resistances erratic. hibits the attack by the alkali. The _ 50 _ READINGS _ ALL SPECIMENS 
cleaning power of these solutions depends 
Methods of Drying on the active Na,O and tends to rise as | | | 
the pH rises. In many cases the pH may | = 
A common method of drying is to merely be sufficiently high, but even then the pre g 1 ' 
rinse the specimens with hot water and to cleaner may not be satisfactory because it oa 1 mO.4 SOLUTION 
let them dry in air. Figure 31 (A) shows fails to penetrate dirt and lift it from the ° PN 1S = «(180° 
the characteristic curve for some speci- surface. Such action is specific for the 80 +r 
mens which were first rinsed in cold water, type of dirt as well as the type of de ° AVIATION OAKITE C-67-C 
then dipped quickly in boiling water, and greaser and, similarly, paint-removing 5° — 50 REAOMES 
finally dried in front of a fan. The curve ability must be tried for individual paints 3 ® | | | es a 
is not quite so consistent as the original and individual precleaners. i + | 
curve for the material which was rinsed in Rinsing after precleaning is extremely s rift | 
cold water and then wiped dry. Figure important and should be carried on long : | cot, tod ee 
31 (B) shows a consistency curve for a enough to insure that the last traces of = ior | CI a rf 
set of specimens which had received the precleaner have been washed away be - — BE ee. = De 
hot dip and then had been dried in front fore the material is treated in the acid } —+— " - 
of a fan. In Fig. 31 (C) the specimens oxide remover. pcssduiads ee = 
were merely given a final cold rinse and The fact that a surface may show no om ae TD ea ee € 
then dried before a fan. While this indi- water break merely insures that there is | kh 1 | 
cates that some forms of mechanical wiping no free oil on the surface. There may, 0 contact RE NSTANCE meneame 
of advantage in removing the light however, still be some loosened dirt still 
scums which are often present on the sur- adhering to the surface. A thorough rinse Fig. 32 
1944 SURFACE TREATMENT OF ALCLAD FOR SPOT WELDING 409-s 
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Table 4—Specimens Degreased 5 Min. at 180-200 ° F. in Each Solution 


Degreaser 
Navy Specification C-67-C 
Sodium metasilicate 


(Na20-SiO2-5H20), 48% 

Soluble Sodium Tri- 44 oz./gal. 
silicate, 48% | 

Rosin, 4%) 


Trichlorethylene Vapor Degreaser 


Aviation Oakite, 6 oz./gal. 


Aviation Oakite, 6 oz. /gal. 

Oakite No. 14 (Cresyllic Acid), 1 oz./gal. 
Kelite KDL No. 1, 4 oz./gal. 

NasCOs, 2 
Na;P¢ dy, 2 
NazCO;, 2 oz./gal. 

Na;PQO,, 2 oz./gal. 

Sodium Silicate, 2 oz./gal. (40° Bé.) 


oz./gal. 
oz./gal. 


Sodium Metasilicate, 2 oz./gal. 


Sodium Metasilicate, 2 oz./gal. 
Sodium Lauryl Sulfate, 1 oz./gal. 


Sodium Metasilicate, 2 oz./gal. 
Soluble Sodium Metasilicate, 0z./gal. 
Sodium Lauryl Sulfate, 1 oz./gal. 


Sodium Metasilicate, 2 oz./gal. 
Soluble Sodium Trisilicate, 2 oz./gal. 
Sodium Lauryl Sulfate, 1 oz./gal. 


Ivory Flakes, 4 oz./gal. 
Sodium Lauryl Sulfate, 1 oz./gal. 


Ivory Flakes, 4 oz./gal. 
Sodium Lauryl Sulfate, 1 oz./gal. 
Soluble Sodium Trisilicate, '/; oz./gal. 


Ivory Flakes, 4 oz./gal. 

Sodium Lauryl Sulfate, 1 oz./gal. 
Soluble Sodium Trisilicate, !/7 oz./gal. 
Cresyllic acid, 1 oz./gal. 


Castile Soap, 2 oz./gal. 


Castile Soap, 2 oz./gal. 
Aerosol OT, '/; oz./gal. 
Aerosol OS, 4/3 oz./gal. 


* Beckman high pH electrode. 


several satisfactory precleaners. Navy 
Specification C-67-C is an excellent de- 
greaser and a good paint remover as well. 
Several commercial preparations, such as 
Aviation Oakite or Kelite KDL No. 1 are 
also satisfactory, and Fig. 32 shows dis- 
persion charts for contact resistance 
measurements made after degreasing for 5 
min. at 180° F. in C-67-C, Aviation 
Oakite, and Kelite KDL No. 1 and then 
treating for 5 min. in solution No. 4. 
Figure 14 (C) shows a dispersion chart for 
material degreased in a trichlorethylene 
vapor degreaser, and with this degreaser it 
was necessary to put the material through 
the cycle twice with wiping in between to 
remove the dirt and paint. Within the 
limits of a small number of readings all 
these precleaners are quite comparable. 

A combination of plain Na,;CO; and 
NaePO, attacks aluminum, but if sufficient 
sodium silicate is added to inhibit cor- 
rosion a satisfactory degreaser results. 
There are several degreasers which may be 
based on the sodium silicates, but the most 
satisfactory of these contains sodium 


410-s 


pH* Break 


10. 


12. 


Water 


6 


| 


CONTACT RESISTANCE 


MICROHMS 


Remarks 


No Good paint remover. Satisfactory 
degreaser 

Yes Satisfactory. Paint removed only 
by swabbing 

No _ Satisfactory 

Improved paint-removing quali- 

No ties. Satisfactory degreaser 

Satisfactory degreaser 

No Attacks aluminum. Leaves mat 
finish 

No _ Satisfactory 

Yes Does not lift dirt from surface. 
Swabbing necessary 

No Does not lift all dirt from surface. 
Light swabbing necessary 

No Removes most dirt from surface. 
Light swabbing necessary 

Satisfactory. Removes dirt well 

Yes Attacks aluminum 

Yes Failed to lift dirt from surface. 
Swabbing necessary. Difficult 
to rin 

Yes Failed to lift dirt from surface. 
Swabbing necessary 

Yes Fair. Does not lift dirt off en- 
tirely. Difficult to rinse 

Yes Fair. Does not lift dirt off en- 
tirely 


EFFECT OF TIME AFTER TREATMENT 
ON CONTACT RESISTANCE 


020" ALCLAD 245S-T 


TREATED IN OAKITE 84-A 5 MIN, (OVERTREATED) 
6 02./GAL.~ 180° F 
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/GA ° 
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metasilicate and soluble sodiur, 


each at 2 oz./gal. plus 1 oz./ga 


lauryl sulfate. 
Ivory flakes 


will attack Alclad 24S-T. 


at 180° F. and 
Asn 


of sodium trisilicate will inhibi: 
tion, but these solutions do ; 
dirt from the surface and are 


rinse. 


not attack aluminum, also ; 


difficulty and leaves most of 1 


the surface. 


Solutions based mainly on 
vided water-break surfaces. S 


high pH based on silicates, 
trisodium phosphate provided 


break surfaces. 


Welting Agents 


Wetting agents, or surface-activ: 
interfacial tension 


reduce 


and 


used to obtain rapid, even and 
wetting of metal surfaces. T! 
is soap, but moder 
thetic wetting agents are of quite a 
ent structure. They are organic cor 


wetting agent 


with 


fairly large molecules, cont 


approximately 8 to 18 carbon aton 
such a nature that one end is hydrophilj 
that is, soluble in water, and the otherend 
hydrophobic, or organophilic, or non 


These molecule 


Ss orient themselv: 


Similarly, Castile soap, whic} 


agent 


may 


) 


polar 


p 


; So that 


they stand on end with the hydrophili 


surface. 


The exact compounds used as 
active agents are trade secrets, but s 
general classes are known: 


1. Sulphonated oils. 


alcohols 


~ 


dibasic 


5. Alkyl-ary 


Sulphated amides. 
4. Sulphated 


esters of 
acids. 


1 sulphonates. 


mono 


2. Sulphated primary and secor 


end in the aqueous solution and with th: 
organophilic end pointing to th 
If any organic oil or dirt 
present on the metal surface it dissolv 
{n the organophilic end, the inter/ 
tension is thus reduced, and the s 
wets the surface rapidly and evenly 
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120 6 O2Z./GAL.- 180° F 

100 
| 
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OAKITE 30 
040" ALCLAD 245-T 


of FINISH 
FINISH 


6 OZ/GAL. 195°F 
30 SEC. PREDIP 


IN 25% 


NO PREDIP 


TIME OF TREATMENT - MIN 


Fig. 35 


Wetting agents of the first four types 
tend to hydrolyze back to the original oil, 
ilcohol, amide or acid in hot acid so- 
jution. These hydrolysis products are 
usually quite insoluble in water and form 
an oily scum on the surface which may 
interfere with the bath operation. In 
addition, the hydrolysis destroys the wet- 
ting agent. 

Nacconal NR, the wetting agent used 
for this investigation in the oxide-remov- 
is of the fifth class. This 
class of wetting agent does not hydrolyze 
easily and is therefore stable in acid and 
solutions. Nacconal NR does, 
impart a water-break character 
to the surface. 


ing solutions, 


alkaline 


however, 


Effect of Time after Treatment on Contact 
Resistance 


In commercial 


there 


spot-welding practice 
is a good deal of interest in the 
length of time which it is possible to keep 
the aluminum between cleaning and weld- 
ing. A set of 0.020-in. specimens was 
prepared by wire brushing, by a treat- 
ment in Oakite 84-a at the optimum time 
of 2 min. to obtain a low resistance, and 
by an overtreatment of 5 min. in No. 84-a 
to obtain a higher and more erratic re- 
sistance. Contact resistance measure- 
ments were made immediately after treat- 
ment, and approximately at 1, 3, 12 and 
-4hr., and then at every day up to 7 days 
after treatment. 

Figure 33 indicates that for the wire- 
brushed material the resistance had risen 
from about 4 microhms at the start to 
16 microhms after 7 days. This 
rise is negligible from a welding stand- 
Point, and some wire-brushed specimens 
have been kept for a month and have then 
welded without any difficulty. 


about 


After the optimum chemical treatment — 


in No. 84-a the contact resistance rose 
from about 8 microhms to 40 microhms in 
7 days. Even such a rise is not objection- 
able from a welding standpoint, but the 
contact resistance did become more 
erratic as the holding time increased. 
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OAKITE 30 
+040" ALCLAD 24S-T 
3 OZ./GAL. 195° F 
4° R DOME TIPS 
P1000 LBS. 


+ 
| IN 25% HNO, 


FINISH 


MAT FINISH 


« NO PREDIP 


+ + 
| 


8 


5 10 


TIME OF TREATMENT~-MIN. 


Fig. 36 


In overtreated stock, the contact re- 
sistance was approximately 20-30 mi- 
crohms at the start and the measurements 
were considerably more erratic than in the 
previous case. After one day had elapsed, 
the contact resistance averaged around 60 
microhms and after 7 days the average 
was close to 80 microhms. There was so 
much dispersion in the contact resistance 
as the holding time increased that it was 
difficult to pick an average value. In 
general the trend of the values indicated 
that overtreated stock, on holding, in- 
creased in resistance more rapidly than 
stock treated for the optimum time. 

Figure 34 shows the same type of data 
for 0.040-in. Alclad 24S-T. The thicker 
material acted very similarly to the 0.020- 
in. material except that the effects were 
not quite so large, and the resistances did 
not rise as high. 

These specimens were all exposed to 
fairly clean laboratory air. In the shop, if 
the parts are allowed to get dirty and if the 
parts are handled considerably between 
the oxide removing and the welding, the 
time of standing between surface treat- 
ment and welding might be more critical. 
High humidity and elevated room tem- 
peratures would also hasten the oxide 
formation on the surface. 

The shape of the curves in Figs. 33 and 
34 checks with previous observations on 
the growth of an oxide film on aluminum 
at room temperature. Contrary to popu- 
lar belief, the surface of freshly cut 
aluminum is not immediately covered 
with an impervious oxide film which im- 
mediately protects the surface against all 
further oxidation. Jenny® indicates that 
the absorption of oxygen is not completed 
until some 14 days at room temperature, 
and only after that time does the oxide 
coating have its full protective effect. 

Even after the most efficient oxide re- 
moval, spot welding must still be accom- 
plished through an aluminum oxide film. 
In this case, however, the oxide film has 
been formed at room temperature and it is 
thin, uniform and of fairly low resistance. 
Films formed during processing and heat 
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treatment are much thicker, less uniform 


and of high resistance 


Oakite 30 


Oakite 30 is an alkaline etch which pro 
duces a dull mat finish. It has been dis- 
placed almost entirely by the mild acid 
cleaners but it may have some use in cases 
where a mat finish is desirable as a paint 
base. 

At a 
solution has a pH of 12.7, and 
the pH is not allowed to fall 


gal. this 
in practice 
below 12.3. 


concentration of 6 oz 


After Alclad 24S-T is treated in this solu- 
tion, a black film of copper oxide is de 
posited on the surface and a 30-sec. 
brightening dip in cold nitric acid ts 


necessary to remove it 

If a silicated degreaser is used it is also 
advisable to give the 
pre-dip in nitric acid between the degreas 
ing and etching. This removes the silicic 
acid gel deposited on the 
allows the reaction in Oakit« 
immediately and to proceed more evenly 
If the pre-dip is omitted, start of the 
reaction in the No. 30 solution may be de 
layed as long as 20 sec then 
proceed unevenly for some time For 
long times of treatment the pre-dip is not 
important, but where the time of treat 
ment is under 1 min. it is strongly recom- 
mended. 

The procedure 
follows: 


specimens a 30-sec 


surface and 


30 to start 
the 


, and it may 


for Oakite 30 was as 


Oakite Aviation 


gal., 212° F 


1. Degrease' in 
Cleaner, 6 oz 

2. Rinse in cold wate 

3. 30-Sec. pre-dip in cold 25% (by 
volume acid 

4. Rimse in cold water 

5. Etch in Oakite 30 at 195° I 

6. Rinse in cold water 

30-Sec. 
nitric acid 

8. Rinse in cold water 

9. Wipe with clean, dry 


, 


nitric 


brightening dip in cold 25% 
towel, 


Figure 35 shows the characteristic curve 
of the 0.040-in. material in a 6-oz./gal 
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solution. The bath was used at 195° F. 
since it was found in practice that at lower 
temperatures the Oakite 30 would oc- 
casionally become passive and would not 
attack aluminum. Surprisingly, this 
solution gave two types of finish. Beyond 
1 min., the customary mat finish was ob- 
tained. The resistances were fairly low 
but erratic. Under 1 min., however, the 
finish was bright and, in fact, very similar 
to the finish obtained with the acid oxide 
removers, and the resistances were sur- 
prisingly low. It is in this region that the 
use of the pre-dip is important. 

This solution seems to be acting in two 
steps. First it attacks the oxide film, and 
then it begins attacking the aluminum 
underneath immediately with great vio- 
lence. Before the latter process starts, 
the surface is bright, but as soon as the 
attack on the aluminum itself begins, the 
surface acquires its mat finish. The rise 
in resistance as the attack on the alu- 
minum begins may be due to the formation 
of a thin surface film of hydrogen which is 
rapidly removed when the reaction be- 
comes violent. 

This bath has never been used com- 
mercially to obtain a bright finish. The 
operating range for this finish is too nar- 
row and the resistances are not quite con- 
sistent enough to warrant its use in in- 
dustry. That these bright finish, low re- 
sistance surfaces were of the desirable 
type is indicated by the fact that speci- 
mens so treated behaved in the welding 
machine in a manner similar to pieces 
which had been properly treated in an acid 
solution. This work indicates that an en- 
tirely new series of bright finish chemical 
oxide removing solutions is _ possible. 
These cleaners would be mildly alkaline, 
perhaps with a pH of 8.0 to 9.0, and they 
would just attack the oxide to give a 
bright finish. On overtreatment they 
would slowly attack the aluminum itself. 

The concentration was reduced to 3 
oz./gal. to see if the region of bright 
finish could be extended in this way. 
Figure 36 shows that this did not happen, 
and in addition it was more difficult to 
obtain a mat finish of low resistance. 
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Oakite 30 was also tried on the 0.020- 
in. material at 6 and 3 oz./gal. Figures 37 
and 38 bear out the experience with the 
heavier material. Figure 37 shows that 
the bright finish region in the 0.020-in. 
material is very narrow, and it was quite 
difficult to obtain consistently low re- 
sistances in this region. This was also 
true at 3 oz./gal., Fig 38, but at either 
concentration it was possible to obtain a 
mat finish with a fairly low contact re- 
sistance. 

A mat finish may be desirable if the 
aluminum surfaces are to be painted. 
Oakite 30, however, does not produce a 
mat finish with a very consistent surface 
resistance and, in addition, there is a real 
danger in dissolving away too much of 
the cladding if the reaction proceeds too 
long. 


Kelite K-1 


Kelite Process K-1 is a heavy viscous 
solution (S. G. about 1.2) which may be 
used cold to remove the oxide film prior to 
spot welding. This solution must be used 
at a fairly high concentration to effect 
oxide removal at room _ temperature. 
Figure 39 shows the surface resistance 
characteristics of this solution, and it is 
evident that a fairly long time is needed to 
obtain a satisfactory treatment. This 
solution has quite a wide operating range, 
from 10 to 20 min., but the consistency of 
the surface resistance could be improved. 
The bottom level is not quite as low as 
that obtained with the bisulphate solu- 
tions or with sulphuric acid but it is quite 
satisfactory for welding. 

Figure 40 shows the action of this solu- 
tion on the 0.040-in. and the 0.064-in. 
gages. At least 20 min. in the bath are re- 
quired to give a satisfactory surface re- 
sistance. 


Aluminum Alloy 52S-'/2H 


An investigation of the surface treat- 
ment of 0.040-in. 52S-'/zH showed that 
with Oakite 84-a the resistance fell to 
about 15 microhms after 1 min. in the 
bath and remained rather low and con- 
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CONTACT RESISTANCE- MICROHMS 


sistent up to 15 min. of treatm 


material is difficult to wire bru ae 
chemical surface preparation offers 
best method of obtaining a con istently 
low contact resistance. Upon hy lding at 
room temperature after surface tr; atment 
the contact resistance of this materia] rice 
in much the same way as in thie case of 
Figs. 33 and 34, and in genera! the be. 
havior of this material is very similar , 
the corresponding gage of Alclad 248-7 
Consistent vs. Inconsistent Surface Rp. 

sistances 

An example of what can be done with 
proper surface treatment, or what penal 
ties are attached to improper surfa 
treatment, is shown in Fig. 41. | in 
stance an 0.032-in. Alclad 24S-T hat se 
tion was being welded to an ().(32-iy 
Alclad 24S-T sheet on a condenser dis 
charge machine. The panel shown in th 
lower half of Fig. 41 was treated for 
sec. in 6% HF. Contact resistance 
measurements on test coupons similarly 


treated in this solution showed that the 
surface resistance was over 400 microhn 
and very erratic. In addition the surface 
was streaked and had a dull chalklike 
appearance. When this stiffener was 
welded, the surface impressions were quite 
irregular, the sheet separation was high 
and there was rapid pickup and burning 
at the surface. The panel was pried apart, 
and Plate I shows that these welds were 
extremely irregular in shape, there were 
quite a few ‘“‘dud”’ welds, and the process 
was in general erratic. 

The stiffener shown in the upper portion 
of Fig. 41 was treated in the No. 4 solu 
tion for 5 min. Surface resistance mea 
urements averaged consistently about 
microhms, the impressions were round 
and regular, and there was no she 
separation. The surface also retained its 
bright mill finish. Welding conditior 
were exactly the same as for the H! 
treated material, but Fig. 41 shows that 
every weld was uniformly round and that 
there was not a single ‘‘dud”’ weld 
practice, when conditions similar to those 


T T 


KELITE K-I 
+040" ALCLAD 245-1 


| 4.064" ALCLAD 245-7 
bt SOLUTION: 75°F 
4" R DOME TIPS 


LBS 


TIME OF TREATMENT- MIN 


Fig. 40 


AUGUST 


repot 


t 


* 
Fig. 
RY 
showr 
the tr 
machi 
rrati 
a greé 
Furth 
Sor 
+ level 
00 whict 
| work 
sults 
This 
ment 
° 10 20 30 1: 10 20 bad 
194 
412-s 


shown in the lower half of Fig. 41 occur, 


HI the trouble is often ascribed to the welding 

that machine. This case shows, however, that 

that erratic surface resistance may account for 
In a great many of the difficulties. 

nose Further Developments 


Some work is now in progress on the 
— levelopment of an oxide-removing bath 
hich operates at room temperature. The 
work is still in a preliminary stage but re- 
sults thus far have been encouraging. 
rhis phase of the work on surface treat- 
ment will be covered in a subsequent re- 
port 


Conclusions 
The experimental investigations of this 


rer 


port are limited to 0.020, 0.040 and 
Alclad 24S-T. All of this work 


Fig. 41—Photographs of Spot-Welded Parts Showing the Effect of Surface Treatment 
on Weld Consistency 


was done on a comparatively small 
laboratory scale and reasonable allow- 
ances should be made in interpreting these 
results for large plant installations. 

This investigation has shown: 

1. Contact resistance measurements 
offer the most satisfactory method to con- 
trol a bath for the surface preparation of 
aluminum alloys prior to spot welding. 
pH measurements have a limited applica- 
tion for the control of some solutions. 

2. The surface treatment of thin gages 
(0.020 in. and under) is more critical than 
that of the heavier gages. 

3. <A solution based on sodium, potas- 
sium or ammonium bisulphate plus a wet- 
ting agent is capable of producing low con- 
tact resistances within wide operating 
limits. 


4. A dilute solution of sulphuric acid 
plus a wetting agent produces consistently 
low surface resistance within operating 
limits somewhat wider than the bisulphate 
solutions 

5. The rise in contact resistance of 
0).020-in. Alclad 24S-T on prolonged treat 
ment is probably due to the diffusion of 
copper constituents from the base plate 

6. Air-treated stock is very much more 
erratic than nitrate-treated stock for the 
chemical treatment of the thinner gages 
of Alclad 24S-T. Material 0.016, 0.020 
and 0.040 in. thick is very erratic if it has 
been air treated, whereas it is very con 
sistent if it has been nitrate treated. With 
stock 0.064 in. thick the difference be 
tween the air and nitrate treatment tends 
to disappear. 

7. A final rinse water temperature over 
100° F. should be avoided, although ma 
terial may be first rinsed in cold water, 
dipped in hot water and then dried in air 
with fairly good consistency 

8. Hot alkaline degreasers based on 
sodium carbonate, trisodium phosphate 
and the sodium silicates are satisfactory 
for precleaning. A trichlorethylene vapor 
degreaser may also be used providing the 
paint is swabbed off. 

9. As the time after treatment in 
creases, the contact resistance rises slowly, 
but with wire brushing or with proper 
chemical treatment, the material still has 
fairly low and consistent contact resist 
ance, well within the welding range, after 
7 days of exposure in clean laboratory ait 
at room temperature 

10. Alkaline etches are capable of pro 
ducing two types of finish with low sur 
face resistances The first is a bright 
finish surface obtained at short times, the 
second a mat finish obtained at prolonged 
immersion times. Neither finish is as con 
sistent as that produced by bright finish 
acid treatments 

11. Aluminum alloy 52S-'/.H be 
haves very similarly to Alclad 245-T 
with respect to chemical surface treatment 
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NE of the major difficulties experienced in the 

adoption of welding instead of riveting in ship 

construction has been the tendency of the welds 
to crack when the weld metal was applied under unfavor- 
able atmospheric conditions such as extreme cold wea- 
ther, or where the sections to be joined were wet, due to 
rain, snow or fog. A careful analysis was made of exist- 
ing failures which occurred on vessels built under ad- 
verse weather conditions. The failures referred to were 
not necessarily in the weld metal; in fact, in many cases, 
the failure started in the base metal adjacent to the 
welds, 1.e., in the heat-affected zone. 

In considering this problem, the question naturally 
arose as to why such failures occurred in ship construc- 
tion and not in other welded structures such as boilers, 
pressure vessels, bridges sections, etc. The answer to 
this question is that ships are the only large structures 
that are built out-of-doors, in all kinds of weather 
and under conditions which are not conducive to 
good welding practice. Therefore, it was decided 
to endeavor to eliminate the tendencies to cracking 
by applying heat treatment to the metal. 

There are four known methods by which ductile 
qualities of the welds can be obtained, viz.: 

1. Preheating the base metal before depositing 

the weld metal. 

Postheating the weld metal and the heat- 
affected zone after laying the weld metal, 

for the purpose of partially relieving the 

locked-up stresses after the weld is com- 

pleted. 
5. Stress relieving by heating the weld metal and 
the affected zone after welding. 
4. By annealing the complete structure to a tem- 
perature of approximately 1700° F., and 
allowing to cool slowly. 


Of these four methods, it appears that only one is 
practicable in ship welding, viz.: preheating the 
welding grooves before the weld metal is applied. 
Therefore, we will eliminate consideration of the other 
three methods. 

It is not intended to suggest preheating as a cure- 
all for the various failures that occur in the con- 
struction of ships, but it is believed that one of the 
most prolific causes of these failures is trying to 
unite molten weld metal to cold ship steel. 

As stated before, it frequently happens that fail- 
ure takes place in the base metal in the heat-af- 
fected zone, due in large part to the fact that the weld 
metal is of superior quality and ordinarily has suffi- 
cient ductility to conform, without failure, to the 
thermal and shrinkage stresses put upon it by heat- 
ing and cooling. Preheating the welding grooves 
prior to depositing the molten weld metal establishes 


*Based on the results of tests made in connection with arc welding 
fWelding Engineer, U.S. Maritime Commission 


Value of Preheating in Welded Ship 


Construction 


By James W. Wilson’ 


a temperature gradient in which the temperatur. 
base metal is closer to the temperature of th 


weld metal, and in the application of the weld meta] ¢) 
mass quench effect is minimized to a degree whic! 


beneficial in that it permits the weld metal 
itself gradually to the changes in temperature. 

In order to determine the value of preheating 
means of inhibiting such failures, the Maritime ( 
mission authorized a series of tests to be made at 


Pittsburgh testing laboratories for the purpose of dey, 
oping a technique which would decrease the tendeiicy | 


cracking in shipbuilding. Test specimens wer 
pared from ordinary ship steel plate of two thick: 
viz.: 1'/, in. (representing the heaviest plates ir 

structure), and °/s in. 


mens were cut to a size 20 in. in length by 4 in. w 


Potent 


5/8" Specimen with 
Thermocouple 


1-1/4" Specinen wi 
Thermocouple 
\ 
\ / / 
4 2 
2 
Bevel of 5/8” Plates = 
43 


Bevel of 1-1/4" Plates 


Fig. 1 


(representing the shell plate th 
ness of the large types of ship construction). Sp 
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Charpy Impact Test of Weld Specimens 


Depth of Specimen 
Width of Specimen, Depth of Specimen, from Root of Notch, Impact 


Specimen Marked In, In. In. Ft.-Lb. 
cold temperature: 
‘heat -affected zone 0.393 0.393 0.196 21 
' heat-affected zone 0.393 0.394 0.199 25 
® weld metal 0.393 0.394 0.198 21 
etal 0.393 0.393 0.198 24.5 Av. 228 


cold temperature: 


heat-affected zone 0.393 0.394 0.198 21 
 heat-affected zone 0.394 0.393 0.197 17 
2 weld metal 0.392 0.392 0.198 7.5°* 
{ metal 0.392 0.392 0.198 18 Av. 23.5 


late preheat: 


it-affected zone 0.389 0.389 0.197 39 
heat-affected zone 0.391 0.391 0.198 97 
3 weld metal 0.388 0.387 0.193 34 
eld metal 0.390 0.392 0.197 38 Av. 32.7 


plate preheat 


iffected zone 0.393 0.393 0.199 37 
» heat-affected zone 0.392 0.391 0.193 1) 
_weld metal 0.394 0.394 0.195 38 
weld metal 0.394 0.394 0.195 99 Ay. 34 


plate room temp 
heat-affected zone 0.393 0.392 0.197 7 
heat-affected zone 0.393 0.393 0.198 12.5 
weld metal 0.394 0.394 0.198 23 
weld metal 0.393 0.393 0.195 24.5 Av. 34.2 
«in. plate room temp 
1. heat-affected zone 0.393 0.393 0.198 28 
, 2 heat-affected zone 0.392 0.393 0.197 24 
weld metal ().392 0.393 0.198 32.5 
weld metal 0.392 0.393 0.198 34.5 Av. 29.7 


* Defective weld 


edges properly prepared and welded together as Preheated to 150° F.—P (— 20° F. plus 150° preheat 
wn in Fig. 1. Two sets of specimens were made of Room temperature—R. T. (74° F.). 
the specified, in a Note: In applying preheat it was only found neces 
eguiated temperature of —2 . and leit there tora sary to heat the welding groove for the first pass, for the 


— as i hr., in . — to simulate extreme c . reason that after the first pass was laid, the grooves were 
weather conditions. f not ler set ol specimens was mac € alwavs at a temperature in excess of the pre heat tem 
at room temperature of 74° F. for the purpose of comparing perature 

le test specimens taken therefrom, with the specimens The results of the tests are as follows 
which had been cooled or chilled. The edges of the plates 
in all cases were prepared by flame cutting with oxy 


icetylene gas and the bevels on each plate were cut to an Tensile Test of Weld Specimens 
ingle of 30° to the perpendicular, forming a 60° included Original Maximum Tensil 
ingle in each groove (see Fig. 1). Area, Load, Strength, 
The welding of the plates was done in the downhand Description Sq. In Lb Psi Remark 
position using electrodes designated as A.W.S. 6010. No. 1—From plate 
One plate of each thickness was welded in the cold... pga ang O5707 33.470 58.650 . 
room without preheating after reaching the —20° F. No 2~From plat 
temperature. Another plate of each thickness was also 1'/, in. cold 
welded in the cold room, but the welding was done after Size (0.989 x 1.152 1.1393 63,080 99,320 
the welding groove had been preheated with a gas flame. No ra Aare t aa 
A thermocouple was connected froma Leedsand North- size (9 BRD x 1.000 0.5820 24 440 50.17% 
rup potentiometer through a wall of the cold room to No. 4—From plate 
the specimen being welded in the room. The tempera __ in. preheat 
ture of the specimen was obtained as shown in Fig. 1. 
Che potentiometer was under constant observation while it 
the weld metal was being applied. Size (1.000 x 1.205 1.205 80,430 66,740 
From the specimens thus welded, it was decided to No. 6—From plate 
ake test specimens for the following tests: 1.005) 0.5608 33.450 50.650 
Charpy impact tests. * Specimen tore off beginning at edge 


Tensile tests. 
X-ray tests. 
!. Free bend tests. 


Summary of Tests 


Che following designations were used to indicate the 
temperatures at which tests were made: 1. Charpy Impact Tests.-Results of these tests defi 
Cold temperature—C (—20° F.). nitely indicate that welds made in cold weather in which 


415-s 


1944 PREHEATING IN WELDED SHIP CONSTRUCTION 


oft th 

AU 

inn! 
tal th 
or 
«aS 
~ 
Cor 
ul 

\ 

licy 
pre 

Soe 

es 

wit 

4 

4 
<4 
ey 
4 

of 

4 

y 

} 
May 


X-ray Tests of Weld Specimens 


Plate Radio- 
Specimen Thickness, graph 


No. In No. Defects 
Cl, 2 and 3 448 Showed undercut, poor root 
fusion and considerable poros- 
ity 
C4, 5 and 6 447 C6 showed continuous poor root 


fusion. C5 and C4 showed 
considerable poor fusion and 
slag inclusions 
P7, 8 and 9 5/5 449 Slight scattered porosity, one 
slag inclusion '/, in. in 
diameter 
146 Three '/;-in. defects showed 
poor root fusion. Also slight 
scattered porosity 
Two slag inclusions !/3 in. in 
length. Also '/s-in. crack 
Other scattered gas pockets 
and slag inclusions 
Three slag inclusions '/, in. in 
diameter. Other slight slag 
inclusions 


P10, 11 and 


~ 

- 


Room temp. 5/5 443 


Room temp. 1'/, 442 


the welding grooves are preheated, have a higher impact 
value than the same welds made without preheat, and it 
is noticeable that on the average the preheated welds 
and the welds made at room temperature show almost 
the same results. 

2. Tensile Tests.—These tests also show a somewhat 
higher tensile strength in the preheated specimen than 
in the cold-welded specimens and again the preheated 
specimens and the specimens welded at room tempera- 
ture of the laboratory, show almost identical results. 

3. X-ray Tests~—The primary reason for making 
X-ray tests was to explore the welds for defects in order 
that the specimens for the physical tests could be made 
where the metal was sound. However, the defects de- 
tected by the X-ray in the cold temperature welded 
metal was more pronounced and more apt to produce 
major failures than were those found in the specimens 
which were preheated before welding and those welded at 
room temperature. 

4. Free Bend Tests.—These specimens welded at cold 
temperature showed larger fractures than did the spec- 
imens made where the welds were preheated and also 
those welded at room temperature of 74° F. 


Free Bend Test of 


Material: Plate. Thickness: !/, In 


Gage Length 


Specimen No. Before Bending After Bending 


. cold 0.68 0.96 

. cold 0.68 1.05 

. preheat 0.74 0.98 

. preheat 0.78 1.18 

. room temp. 0.76 1.04 

. room temp. 0.72 1.06 

. cold 1.04 1.30 

. cold 0.096 1.040 

. preheat 0.074 1.048 

. preheat 0.082 1.038 
room temp. 1.05 1.18 

. room temp 0.088 1.030 


WELDING RESEARCH SUPPLEMENT 


Preheating of the welding grooves performs ty 
tions. It lowers the cooling rate after the weld 
applied, i.e., the cooling rate being faster for a y 
without preheat than for a weld made with pre! 
therefore follows that the higher the preheating 
ature, the slower will be the cooling rate after 
metal is desposited. This is the principal factor ; 
ducing ductile welds, but another important fac; 
should not be lost sight of is the fact that preh 
duces the thermal conductivity of iron. For ’ 
iron heated to 600° C., that is, 1112° F., has onhy pay 
the thermal conductivity at room temperatur: 
which is not heated. Therefore, the low thern Or 
ductivity causes a slower withdrawal of the heat fro; 
the welded zone and aid in obtaining a corresponding) 
slower cooling rate. . 


Procedure for Applying Preheat to Welded Joints 


1. Preheating should be applied when the temperatyr, 
falls below 32° F., or in inclement weather when ¢) 
material is visibly wet. 

2. The temperature of the welding grooves befor 
the weld metal is applied, should be raised gradual! 
uniformly to a temperature of 150° F. above th: 
perature of the surrounding atmosphere. 

3. In applying preheat, it is recommended that 
temperature be checked frequently by the use of tempi! 
stiks, thermocouple or other approved means. 

4. A band 6 in. in width, extending across and o: 
each side of the welding groove, with the welding g: ; 
in the center, should be heated in applying this techniqu on 
Several passes may be needed to raise the temper . 
to the required preheat degree. ye: 

5. It is recommended that a multijet flame L. 
torch or a suitable electrical heating coil be used as th: pera 
heating agent. 

6. In the case of automatic machine welding, it is tion © 
recommended that the heating unit be attached to th: 5) 
machine to run before the welding head in the groove im al 
and that suitable temperature regulators be introduced overt 
to insure that the temperature will be raised gradually t. 
and uniformly. ues 2 

7. With manual are welding it is recommended that ’ 
a mobile heating unit be used, to travel in the groove Hon, 
ahead of the welding arc, at a predetermined rate of the S 
speed. 


Weld Specimens his 


Difference , Difference Remark 
0.28 41.2 Defect 11 
0.37 54.4 Defect ! 
0.24 32.4 Defect ! = 
0.40 51.3 Defect ! \ 
0.28 36.8 No defect solu 
0.34 47.2 Defect 1, 
0.26 18.6 Fracturt 
0.44 15.8 Fracture — 
0.74 10.0 Fracturt 
0.56 68.3 Fracturt I trea 
0.13 12.4 Fractur' 
0.42 47.7 Fractur« 
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The Surface Treatment at Room 
“| Temperature of Aluminum Alloys 


| for Spot Welding 


By W. F. Hess,’ R. A. Wyant! and B. L. Averbach' 


Practical Significance of Report No. 12 


HIS report describes the discovery and develop- 

ment of a new solution for the surface preparation 

of Alclad 24S-T. This solution (No. 14) is very 
satisfactory from all points of view, and possesses the 
highly desirable advantage of operating at room tempera- 
ture. Among its desirable characteristics may be listed 
the following: 


No heating units are required since the solution 
perates at room temperature. 
. The solution is simple, being a dilute aqueous solu- 
tion of hydrofluosilicic acid (H2SiFs) and a wetting agent. 
; 3. The time of treatment is not critical, there being 
ve in ample range of treating time with little danger of 
overtreatment. 
!. Low-cost. The acid is available in ample quanti- 
ties and at low cost. 
». There is no health hazard in the use of this solu- 
ve tion, since there are practically no vapors evolved, and 
f the solution is not ordinarily irritating to the skin. 
6. A bright smooth finish is obtained on Alclad ma 
terial 
‘. The strength of the solution may be determined by 
i sunple titration, developed during this investigation. 
[his is an outstanding advantage of the solution, since 
it permits rapid and precise control. 


\ suecessful trial of this solution was made at a large 
urcralt manufacturing plant. A considerable number of 
production parts were treated, and these parts welded in 
in entirely satisfactory manner. 

\ssemblies were successfully treated with the No. |4 

in production. Laboratory experience had 
shown that the treatment of assemblies is feasible only if 
enough clearance is provided between the faying surfaces 
low adequate rising. This is true of all surface- 
solutions which have been studied in this in 

tion. 
ind nitrate-treated Alclad 24S-T respond differ- 
12 on Aircraft Spot Welding Research lhis is the third of a 
on surface treatment of aluminum alloys in preparation for 
rhe first two reports appeared in THe Wrt_pinc JourNAL for 

42 and for August 1944 Chis report is primarily devoted to investiga 

lutions which operate at room temperature. It describes the de 
tof a solution (No. 14) which has a number of advantages over other 
hat the authors have investigated A paper appears in this issue 


essful factory experience with this solution 


Laboratory, Rensselaer Polytechnic Institute, Troy, N. Y 


IST 


ently to chemical surface treatments. Air-treated stock 
reacts more rapidly and does not have as consistent sur- 
face resistance. However, equally consistent welds can 
be produced in either type of material. 

For the surface treatment of bare 24S-T, the room tem- 
perature solutions developed during this investigation 
are not entirely satisfactory. However, an unusually 
satisfactory hot solution was discovered. This consists 
of a 2% solution of nitric acid at 180° F. No black 
deposit is formed on the surface and hence no subsequent 
brightening dip is necessary. Uniformly low surface 
resistance and consistent welds are produced. 


Introduction 


This is the third N.A.C.A. report dealing with surface 
treatment of aluminum alloys prior to spot welding. 
These reports are part of a series of N.A.C.A. reports 
covering research on the spot welding of aluminum alloys 
for aircraft structures at the Rensselaer Polytechnic 
Institute. Report No. 3 developed the contact resistance 
measurement as an indicator for the weldability of an 
aluminum surface, and showed the critical nature of 
hydrofluoric acid solutions.' It also showed that a rather 
precise control of the surface treatment process was neces 
sary if consistency of surface resistance was to be ob 
tained. 

In Report No. 10, a simplified method of measuring 
surface resistance was described.” A new solution con 
taining 1°; sulphuric acid, used at 1SO° F., was developed 
as avery Satisfactory and economical method of removing 
the oxide films. The bath temperature, 
tion or the time of treatment could chang 
without seriously affecting the surface characteristics. 
In addition, this bath could be simply controlled by pH 
determinations, by titrations or by surface resistance 
measurements. Report No. 10 also showed that in the 
thin gages, air heat-treated Alclad 245-T behaved much 
more erratically with respect to the surface resistance 
measurement than nitrate heat-treated stock, and that in 
clean air aluminum alloys could be stored as long as 7 
days without any harmful rise in surface resistance. 
Some degreasers and precleaners were evaluated, and 1t 
was shown that rinse water temperatures should be kept 
under 100° F. 
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Although the hot sulphuric acid solution is satisfactory 
as a surface treatment, it presents some difficulties in 
large scale tank operations. All metal contaminations, 


especially iron and all the heavy metals, must be avoided. Hy 
If, for example, a lead or copper heating coil is used, some 8B + ers 
of the heavy metal will go into solution and redeposit as a 8c Acetic acid (glacial) 3°. NHL IF shows 
smut on the aluminum surfaces. This smut has to be 8D Acetic acid (glacial) 10°, NH,HI cent! 
removed by hand swabbing. Iron, of course, disinte- SE Acetic acid (glacial) 1%, NH«HI treat! 
grates rapidly under the acid attack. The tank can be NI even 
made of wood, but the heating coil presents a serious 8H Acetic acid (slacial) 1% NILF 0.1 solutt 
problem. Pyrex glass and carbonaceous materials have 9 H2SO, (96%) 10%, H;PO, (85%, ' vert 
been suggested for heating coils, but they are extremely 9A H2SO, (96%) 15%, HsPO, (85%) 12 ind tl 
brittle. 10 H.SO, (96%) 1%, NaF 0.1% f the 

A more desirable procedure would be to use a solution 1OA H2SOx (96%) 1%, NaF 0.025% At 

10B H2SO, (96%) 1%, NaF 0.05‘ 
which operates at room temperature, so as to avoid any 10C H.SO, (96%) 1%, NaF 0.2° c ¥eCO! 
necessity for heating coils. This report describes the de- 1 HF (48%) H 31 
velopment of several such solutions. One of these, the 1» HBO, 3.1%, NaF = HC oO the 0; 
No. 14 solution, operates at room temperature, retains 14 HLSiF, (27-30° “ a0; [his 
the bright mill finish on the stock, is not critical with re- 14A HeSiF, (27-30%) $0 
spect to concentration or time of treatment and is avail- 14B H.SiFs (27-30%) 0.5% prof 
able in large quantities at low cost. The solution is 14€ H2SiFs (27-30%) 2% entr 
dilute and may readily be maintained by a newly devel- 14D HeSil’s gitoots diy ler 
oped method of titration or by surface resistance measure- meas 
ments. It ordinarily has no bad effects on the skin. (2507) 150 surfa 

In this report, the surface differences between air and I7A HPO, (85%) 100; f the 
nitrate heat-treated stock are further developed. More 17B HaPO, (85%) 1% eeds 
observations have been made on the relationship between 18 HF (48%) 0.2% welds 
weld quality and surface resistance. A new oxide 0.1%, of No 
moving solution has also been developed for bare 24S-T. as a wetting agent except solution No. 16 which contai 
This solution requires no subsequent brightening dip and _ _ Liquids are expressed as volume per cent, solids as weight ; \ 
leaves the material with a bright mill finish. Some data _, Nacconal NR is the product of the National Aniline & C) 
have also been obtained on the surface treatment of as- ©» 40 Rector St., New York, N.Y. Sin 
semblies. room 

Contact resistance equipment was installed at the salt 
plant of a large aircraft manufacturer and the No. 14 uch 
solution was given a successful trial run in production. ich 
Contact resistance measurements on specimens treated Results 1s 
in the production tank corresponded exactly to the meas- dr 
urements taken from small batches of solution in the Most of the solutions which attack aluminum oxid made 
laboratory. Considerable production was tried in this and aluminum at room temperature fall into three div: Fis 
solution and the parts welded satisfactorily on alternating sions: weig] 
current, condenser discharge and electromagnetic stored 1. Acid-fluoride and other halogen acid preparation: S et 
energy machines. Some work is also described on the 2. Phosphoric and similar acids. ae 
treatment of assemblies in production. 

Of these, the first two have been used most widely whit 
Procedure the third has not been tried very extensively at roon 
temperature. 

The surface resistances were measured in a hydraulic - 
press with a modified Kelvin double bridge using the : 
method described in Report No. 10.*, ? A simplified, 400 tC] Ty 
direct-reading Kelvin bridge, which is described in the a a oe ee 
appendix, was built to speed up the measurement. Un- TT 1-171 60 18" sovution 
less otherwise specified the surface-treating procedure [ [| 
was as follows: | 0020" ALCLAD 24S-T 300} 

1. Preclean in vapor degreaser or alkaline bath. z 

2. Cold water rinse and then dry. 

3. Treat in oxide-removing solution. z a 

4. Cold water rinse and then dry.7 y 
Each point plotted on the graphs is the average of five = 200 
readings, and Table 1 lists the compositions for the most 5 
important solutions reported. In this report the surface- “ t 
treating solutions, such as No. 14, have been designated . 
as ‘‘oxide-removers.”’ While later studies may show that | 
these solutions are only changing the form of the oxide oor Tl 
and not removing it, the nomenclature is tetained to dis- 
tinguish these solutions from the degreasing and pre- 
cleaning solutions. |_| 
ie For another method of measuring surface resistance see reference 3. 5 

Tt In the work covered by this report the specimens were dried by wiping ) 5 
Recent research has shown that this tends to make the contact resistance high TIME OF TREATMENT IN MINUTES 
and erratic. All specimens for contact resistance measurements should be ‘ 
dried in clean air Fig. l 
418-s WELDING RESEARCH SUPPLEMENT SEPTEMBER 1944 
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Hydrofluoric Acid 


fluoric acid was one of the earliest oxide remov- 
is a preparation for spot welding. Report No. 3 
how a 1% solution (1% by volume of 48% con- 
entrated HF) was extremely critical. The time of 
treatment had to be controlled within a few seconds, and 
en the surface resistance was very erratic. This 
n suffered from another serious disadvantage. On 
vertreatment a milky deposit was built up on the surface, 
ind this had welding characteristics almost as bad as that 
the original oxide. 
At extremely dilute concentrations, the operating time 
becomes less critical. Figure 1 shows that at 0.2% by 
lume* there is an operating limit of about a minute at 
he optimum time of 2.5 min. for 0.020-im Alclad 24S-T. 
solution has, however, several limitations. First, it 
sso dilute that small variations in concentration have a 
profound effect on the position of the curve. The con- 
entration has to be closely maintained within very small 
tolerances by accurate titrations or by surface resistance 
measurements. Second, after 5 min. in the bath, the 
races begin to develop a milky surface similar to that 
i the old 1% solution, and overtreatment here also pro- 
eeds very rapidly with the appearance of very irregular 
welds in material which has been treated too long. 


Acid Fluorides 


Since dilute hydrofluoric acid offered possibilities of a 
room temperature solution, combinations of a fluoride 
salt and an acid were investigated. If a fluoride salt, 
such as ammonium bifluoride, is dissolved in an acid, 
such as acetie acid, free hydrofluoric acid is generated and 
this attacks the aluminum oxide. By keeping the free 
hydrofluoric acid concentration low, the attack can be 
made to proceed very slowly and evenly. 

Figure 2 shows that such a solution, containing 0.19% by 
weight of ammonium bifluoride in acetic acid (No. 8B 
solution), has wide time limits for operation. For 0.020- 
in. Alelad 248-T the resistance falls to 10 microhms 
within 3 to 4 min. and even after 15 min. does not rise 
to any harmful degree. Since the concentration of the 


by volume of the commercial 48°) acid 


fluoride salt is small, the amount of free hydrofluoric acid 
generated is independent of the acid concentration, and 
Fig. 2 shows that the acetic acid nay vary between | and 
10", without any difference in the effect of the solution 
on aluminum. 

The concentration of the fluoride salt, on the other 
hand, is sharply critical. Figure 3 shows that if the 
ammonium bifluoride is increased to 0.2°;, solution SE, 
the time limits are greatly reduced, and at 0.3, of the 
fluoride salt the time of treatment is even more critical. 
In addition, the more concentrated solutions overtreat 
rapidly with the formation of the undesirable milky 
deposits typical of hydrofluoric acid solutions. If the 
concentration of the HF developed is very small in com 
parison to the acetic acid, the danger of overtreatment is 
reduced, first, because the solution acts more sk wly, and 
second, because the end product has a better chance to 
dissolve in the acetic acid. This is shown by solutions 
SB, SC and SD in Figs. 2 and 3. 

It is not necessary to use the bifluoride salts. Neutral 
fluorides such as NaF and NH,F behave satisfactorily as 
shown in Fig. 4. Hydrofluoric acid is still formed as be 
fore, and the optimum concentration of these neutral 
salts is also about 0.1% by weight. Ammonium bi 
fluoride, in analogy to the bisulfate solutions, might be 
expected to work by itself, but a plain solution of the 
bifluoride salts in water is not satisfactory. In such a 
solution the surface is deeply etched, but the contact r 
sistance is erratic and shows no minimum as the reaction 
proceeds. 

A great many different acids may be used in conjunc 
tion with the fluoride salt. Figure 5 shows that with 1°; 
sulphuric acid and 0.19), of NaF, solution No. 10, the 
resistance for the 0.040-in. Alclad 24S-T falls within 3-4 
min. and does not rise appreciably after 15 min. In fact, 
the curve for solution No. 10 is identical with that of 8G 
and 8H, Fig. 4. Figure 6 reaffirms the fact that the con 
centration of the fluoride salt is extremely critical. If, for 
instance, the concentration of the 0.1°;, NaF were chosen 
for normal operation, it could not rise to 0.2) or drop 
below 0.05%, without danger of mistreatment 

Solution No. 10 is not affected much by small changes 
in temperature. In the range of 60 to 90° F., which 
would probably include the bulk of shop temperatures, 
Fig. 7 shows that a time of treatment could be chosen 
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which would not have to be changed marked} 
perature. For all of these room temperatur: 
however, it is best to determine the actual tan] 
ture and to make slight corrections in the trea; 
when necessary. Figure 8 shows the resistan 
for both 0.040 and 0.064-in. Alclad 24S-T, and 
dent that a reasonable treating time, say 1() ; 
be used for these gages. It is almost impossib| 
treat materials of these thicknesses in this solu: 
These solutions, No. 8 and No. 10, have, h 
severe limitation in use. There is no simple : 
measuring and maintaining the activity of the 
simple acid titration or a pH measurement me1 
cates the concentration of the acetic or sulphu: 
and this, as can be seen from Fig. 2, is irreley 
accurately measure the activity of the bath it is 1. 
to determine the concentration of the free hydrofiy:; 
acid. ‘This is tedious, and because of the small quantit 
involved, subject to considerable error. Cont» 
ance measurements using standardized stock 
0.020-in. Alclad 24S-T nitrate heat treated, could | 


TIME OF TREATMENT IN MINUTES 
and this offers the only method for a rapid sho; 
Fig. 5 of these solutions. 
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Turco 


The surface resistance characteristics of the Turco 
Koldweld Process were investigated. According to 
ommendations the solution was made up as follows: 


Koldweld 
Wetting agent 0.1% 


igures 9, 10 and 11 show that low resistances are pro 
ed over a reasonable length of time for nitrate heat- 
ted stock. The differences between air and nitrate 
it-treated material are not peculiar to this solution but 
true of all the solutions thus far investigated. This 
will be discussed in detail later. 
fhe Turco solution, however, suffers the same disad- 
ntages as the No. S and No. 10 solutions. There is no 
simple quantitative measurement which can be used to 
ntrol the bath with the exception of surface resistance 
measurements under standardized conditions. Speci- 
mens which had been subjected to this solution also had a 
somewhat milky and tacky surface. 


Kelite 


Kelite Process K-1 also is capable of treating aluminum 
surfaces at room temperature. Surface resistance charac- 
teristics for this material have been shown in Report No. 
\) for both air and nitrate heat-treated stock. Kelite 
has to be used for 15-20 min. at 75° F. for 0.020-in. ma- 
terial, and for the heavier gages 20-30 min. may be re- 
jured. The concentration of the active constituent is 
quite high and the treating solution has a specific gravity 
f about 1.2. 


Fluoboric Acid 


A solution of fluoboric acid (HBF,) was tried as an 
oxide removing agent. The solution was made up as 


fi lows: 
3.1% (by weight) 


This solution corresponds to a 0.759% solution of HBF, by 
Weight, with a large excess of boric acid. The boric acid 
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Fig. 13 


was intentionally left in excess to insure that no free 
hydrofluoric acid was present. Figure 12 shows that the 
solution was capable of giving low surface resistanecs 


over quite a period of time. If this solution were to be 
used it should probably be adjusted so that the concentra 
tion is at least 1.2% by weight of HBF,. Here, again, 


because of the complex nature of the solution there is no 
simple quantitative measurement, other than 
resistance which can be used to control the bat! 
solution was not investigated further 


Surtace 


ind this 


Dry-Acid Fluoride Combinations 


If an acid which normally comes as a dry powder is 
mixed with a fluoride salt, free HF is generated in solution 
and a bath similar to solution No. S or No. 10 is formed 
without the inconvenience of handling a liquid acid 
Figure 13 shows the resistance characteristic for solution 
No. 12 which had the following composition 


H,;B¢ 
HeCsQ,... 1.0% 
Nacconal NR.. 0.1% 


This solution also produced low surface resistances within 
a wide range of times, but it exhibited the same weak 
nesses of the previous solution. No simple quantitative 
method was available to determine the concentration of 
the solution, and in addition, the bath contained too 
many constituents to allow for a simple control 


Hydrofluosilicic Acid—No. 14 Solution 


Since fluoboriec acid had showed promise, hydrofluo 
silicic acid (or silicofluoric acid = H»SiFs) was tried 
This acid may be considered as the solution of a gas Sil’, 
in water according to the following reaction 

3SiF, + 2H,O — 2H.SiF, + SiO, 
This acid is made commercially for a wide variety of 
industrial uses and is supplied at a relatively low cost at 
a concentration of about 25°, HoSiFs. While concen- 
trated H.SiF, does not attack glass readily it cannot be 
stored in glass for long periods of time because above a 
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concentration of 13%), SiF, is evolved by the following 


reaction: 
H.SiFs — + 2HF 

The free HF then attacks the glass. Pyridine may be 
used to prevent the decomposition of the acid. If no 
free HF is present, glass is not attacked. Concentrated 
hydrofluosilicic acid has a pungent odor and is usually 
supplied in wooden barrels, but it is far less corrosive and 
far less objectionable than concentrated HF and no more 
precautions are needed in the handling of this acid than 
are normally employed for hydrochloric or sulphuric 
acids. 

A solution of the following composition (No. 14 solu 
tion) gave the most satisfactory results: 

H.SiF, (27-30%)... .3.0%* (by volume) 

Nacconal NR 0.1% (by weight) 
Figure 14 shows that for 0.020-in. Alclad 24S-T, nitrate 
heat treated, that a wide range of low surface resistance 
was obtained. Between 4 and 10 min., surface resistance s 
were consistently below 10 microhms, at 3 min. the 
resistance was also well down, and at 12 and 15 min. the 
the effects of overtreatment seemed almost negligible. 
After treatment in this solution, the aluminum surfac:s 
were bright and shiny and even with overtreatment the 
surfaces were not appreciably 


face resistance curves for the 1, 2 and 4°% ac; 
(0.59, 0.79, 1.57% by weight, respectively 
solution was selected as the best compromis¢ 
in view of the effects noticed in air heat-treat, 
the thinner gages. Figure 16 shows the 
characteristic for the 0.040-in. material, and 
the 0.064-in. material. In these cases it is e, 
the differences between air and nitrate hy 
stock are almost negligible. 

For a solution of this type, operating at roon 
ture, temperature changes would be expect 
some effect. Figure 18 shows that temperatu: 
79 do hasten the overtreatment somewhat, } 
probably would not become too serious until t! 
went above 90° F. Similarly, a reduction in te: 
lengthens the time of treatment, and Fig. 19 s| 
either the time of treatment or the concentrati: 
be adjusted if the temperature drops below 70° | 

In the heavier gages the temperature effect is 
fied. Figure 20 shows the resistance character 
the 0.040-in. material at 5° intervals betwee: 
90° F. Itisevident that at temperatures between 75 a; 
90° F. that the time of treatment is little affected. Be! 
7)” F. the activity of the bath drops measurab! 
temperature drops, but if a time of treatment of 
min. were chosen it would not have to be chang 
the temperature fell below 65° F. The same 
occurs in the 0.064-in. material. Figure 21 shows t 
between 75 and 90° F. temperature variations h 
effect, but as the temperature drops, the effect 
more pronounced. 

For industrial production, a bath operated 
temperature would probably not go below 65° | 
probably not above 85° F. Table 2 shows the opti 
times for each gage at 5° intervals between 60 and 
In actual shop practice, however, if the time of treatme: 
were controlled within +!/. min., and if the concentr 
tion is controlled within certain limits to be di 
later, a simplified procedure can be employed. 
ing that the bath temperature under ordinary conditior 
remains between 65 and S5° F., the following treat 
times can be used: 


Sheet Thickness, In 


lreatment Time, 


0.020 6 
0.040 10 
0.064 10 


dulled. Air heat-treated stock 
reacts much more rapidly than 
nitrate heat-treated steck, but if 
a reasonable time of treatment, 
say 6 min., is chosen for the ni- 
trate heat-treated material, the 7° 
same time of treatment could be 
used for the air heat-treated 
stock. Although the air heat- 
treated stock, for the 0.020-in. 
gage, would be somewhat over- 
treated, the effects of overtreat- 
ment are so small in this case that 
it still welds satisfactorily. This 
point is emphasized later. 

In this solution, the concentra- 
tion of the H2SiF¢1is not extremely 
critical. Figure 15 shows the sur- 


HYDROF 


IN MICRO 


* Recent research and factory experience in 
dicates that a 1.5°% solution (by volume) may 
be preferred for Alclad 24S-T and some of the 
new aluminum alloys such as R-301-1 
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vapor, and no acid fumes are evolved. In addition, this 


For best operating conditions, the temperature of the 
solution is not ordinarily irritating to the skin 


bath should be taken regularly and the treatment times 
idjusted according to Table 2. 


Analytical Control of No. 14 Solution 


Table 2—Effect of Temperature on Optimum Treating 
Time in No. 14 Solution 


pH Measurements 


Solution (1.18°% by Weight pH = 0.93. Alclad 24S-1 For the control of the No. 14 solution a pH measure 
Nitrate Heat-Treated. Time in Minutes ment with a glass electrode cannot be used. Any solu 
mperature tion which contains fluorides is apt to attack the thin 
f Solution, Chickness of Material, In glass membrane if the electrode is left in the solution for 
F. 0.020 0.040 0.064 prolonged periods of time. Even if no visible attack 
60 12 15 15 occurs, a serious drift in readings is experienced and it 1s 
70 practically impossible to reproduce the values. The 
75 6 g g fluoride ion is very small and it diffuses through the glass 
80) 5 8 8 membrane. As the diffusion progresses the pH drops 
steadily and the pH for most of the dilute concentrations 
) ) < 


tends to approach the same value. 

— With the quinhydrone electrode, however, these dif 
ficulties are not experienced and pH measurements can 
be made readily. The solution should be saturated with 
quinhydrone, it should be well stirred and approximately 
10 min. should be allowed for equilibrium. It also takes 


From a health standpoint, the operation of a bath with 
> H,SiFs presents no hazard, because at this low con- 
centration the vapor above the bath is entirely water 
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a few moments for the electrodes to come to equilibrium 
with the solution. Table 3 shows the pH values obtained 
for various concentrations of H»SiFs in No. 14 solution. 


Table 3 
Volume, % HeSik’s by pH 
(27-30% H.SiFs Weight (Quinhydrone 
| 0.38 1.18 
2 0.78 1.05 
3 1.16 0.91 
1.54 0.83 


For best operation periodic readings of the pH should 
be made and its value should be kept between 0.95 and 
0.90. Continuous-flow quinhydrone cells are available 
and it may be possible in this manner to control the con- 
centration of the bath automatically. In most cases, 
however, the concentration can best be maintained by 
titration. 


Recommended Procedure* 


The procedure now used at this laboratory for titrating 
the No. 14 solution (hydrofluosilicic acid) follows. 
Nothing more than the simplest standard analytical 
equipment is required. 

Take a 25-ml. sample of the solution to be analyzed, 
add 5.0 gm. of e.p. KCl and stir until dissolved. Then 
add immediately 2 to 3 drops of methyl orange indicator 
solution and titrate rapidly with previously standardized 
approximately 0.5 NV KOH until the first permanent 
change in color from pink to orange is attained. Assum- 
ing that H»SiFs is a dibasic acid completely neutralized 
at the methyl orange end point, the acid normality of the 
solution can then be calculated. If the specific gravity 
of the solution is known, the weight per cent H2SiF, can 
also be calculated. Likewise, if the concentration of the 
concentrated hydrofluosilicic acid is known, the volume 
per cent of the concentrated acid in the solution can be 
calculated. 

So far as is known, the acid strength taken alone is a 
satisfactory measure of the effectiveness of the solution as 


Reaction (1) represents the neutralization | 1e fr, values 
acid and proceeds rapidly, being complete at i ins 2.2 
Reaction (2) represents the slower hydrolysis ef ‘thest 
silicate ion and is quantitatively complete at 1 aaa liable | 
phthalein end point if near boiling temperatur 
ficiently dilute solutions are employed. Dux rt 4 wettiny 


the fact that the reactions are to some extent | 

and in part to the fact that there is some te: 

base to react with Si(OH), at the phenolpht! 

point, no method for determining HoeSiF, is . 

satisfactory. The most widely used methods 

on Equation (1) and employ special precauti : i 

hibit the hydrolytic reaction. . H 
2. The addition of KCl just before titrati 

two purposes: first, the solution is cooled co: 

as the chloride dissolves; second, some of the fl 

ion is removed from the solution as insoluble K.SjJ 


H.SiFs + 2K+ K.SiF, | + 2H: 


lee 
The cooling slows the hydrolytic reaction and reduces thy ” this 
solubility of K2SiFs. Precipitation of the fluosilicate joy 
removes it from the influence of the base. ‘ 
3. Dilution of the solution being titrated should } her 1 
avoided as far as possible. The more concentrated th The 
solution, the slower the hydrolytic reaction and th 


sharper the end point. Choice of 0.5 N for the concentra 
tion of the hydroxide was made because this was clos 
to the greatest concentration that would give a titratio: we 
value with 25 ml. of 3.00%) by volume H2Sif’y sufficient! 
large to afford reasonable accuracy. 

4. Use of a mechanical stirrer is recommended 
speed the titration. Speed is desirable to avoid excess 
warming of the solution and otherwise prevent the hyd: 
lytic reaction from making appreciable headway beior 
the neutralization end point is reached. 


Reliability of Recommended Method 


Table 4A shows the results obtained on titrating b Sha 
the outlined procedure solutions containing exact! st 
known volume per cents of concentrated c.p. H.Sil I 
The volume per cent is here taken to mean the volume 1 


concentrated acid which is diluted with water to n 
exactly 100 ml. of the acid of stated percent. The second a 


an oxide remover. column gives the specific gravity at 25° C. as determine: 
7 with a Westphal Balance. In the third column are th a 
Notes on the Recommended Procedure volumes of 0.445 N KOH required to titrate 25-1! h 
1. In theory hydrofluosilicic acid reacts with base in portions of the test solutions. The close checks betwec 
two partially concurrent steps: duplicate titrations are to be noted. In the fourth a { 
tee fifth columns, the acid normalities calculated from 1! 
Sik 9 — —» -L. 9H, 
+ 20H 2H20 (1) titration data are compared with the theoretical nor 
SiFs= + 40H — 6F~- + Si(OH), (2) ties based on the assumption that the 6.00°, 
0.324 N. In the sixth and seventh columns, th« 
NACA teport over that the origin" lated weight per cents are compared with the theore' 
Table 4A 
Acid Normality Weight, ©, HeSikFs 
Specific Volume 0.445 N Calculated Theoretical Calculated [heoretica! 
Volume, Gravity, KOH for 25-M1l from Titration from Normality from Titration from Data “ 
24°C Solution, M1. Data of 6.00% Acid Data for 6.00°) A 
18.20) 4 with 
6.00 1.019 18 90/7 8:20 0.324 2.29 titra 
5.00 1.015 15.22 0.271 0). 269 1.95 1.91 
4.00 1.012 12 90 12.18 0.217 0.218 1.54 1.353 
3.00 1.009 0.162 0.162 1.16 1.15 
15 P} 
2.00 1.006 ; 74) 6.10 0.108 0.108 0.78 0.76 surf 
1.00 1.003 3.00f °° 0.053 0.054 0.38 0.38 0.09 
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ed on the assumption that the 6.00% acid con- 
> by weight H.SiFs. The excellent agreement 
mparisons would indicate that the method is 
r solutions containing by volume H.SiFs. 
{B demonstrates that addition of a 0.1°) of the 
sent Nacconal NR toa 3.00% by volume H,SiF, 


‘ } 
nes 


} 
n test 


Table 4B 


Volume 0.444 N 
KOH for 25-M1. 
Solution, M1. 

8.90 
8 


Acid Normality 
Calculated from 
Titration Data 


Nacconal NR, 
Addition 


None 8.90 0.1580 


0.19, 0.1580 


lution does not affect the acid strength as determined 
S Une : this method or interfere with obtaining consistent end 
101 points 


dhe yher Titration Procedures 
The following titration methods for determining acid 


strength were tried and found less satisfactory than the 

ee recommended procedure for the reasons indicated 

itior |. With 0.1 _N NaOH in cold solution using: 

" Methyl orange. Fleeting end point. 

Phenolphthalein. No sharp end point. End- 
point volume lay somewhere between volume 
required for neutralization of free acid and that 
for complete hydrolysis of fluosilicate ion. 

Congo red paper. Difficult to detect end point. 

With 0.1 N NaOH 


at near-boiling temperature 
using phenolphthalein : 


Sharp and reproducible end points corresponding pre- 
sumably to complete hydrolysis of fluosilicate ion. 
The fluosilicate ion concentration is probably no 
measure of acid strength except in fresh solutions. 


3. With 0.1 N KOH in cold solution using methy] 

range with: 

a) No additions. End point poor. 

») 20% KCl added. End points fairly sharp, re 
producible to 0.3—0.4 ml. 

With 0.5 N KOH in cold solution: 


Using methyl orange with no additions. 
points reproducible but not very sharp. 
Using methyl orange with 20% KCl added 
(recommended procedure). End points sharp 
and reproducible to 0.1 ml. 

Using methyl red with 20°, KCl added. 
fading end points. 

Using methyl red with 20°, KCl and equal vol- 
ume alcohol added. Impossible to determine 
end point. 


End 


Badly 


°. With 0.5 N KOH in ice bath using methyl orange 
with 20% KCl added. No improvement over rapid 
tration in solution cooled by dissolving KCl. 


Phosphoric Acid 


Phosphoric acid is also capable of attacking aluminum 
Surlaces at room temperature. Figure 22 shows the 
eflect of a 10% solution on the contact resistance of 


V.020-in. Alclad 24S-T. The solution was made up as 
lollows: 


(BER 1944 


SURFACE TREATMENT ALUMINUM ALLOYS FOR SPOT WELDING 


H3PO, rrr 
Nacconal NR...... 


A 15% solution (called solution No. 17) gives more reas 
onable treating times, and the characteristic differences 
between air and nitrate heat-treated stock are 
served. At 6 min. a consistently low surface resistance 
is obtained in nitrate heat-treated stcck. From the 
upper portion of Fig. 23 it is seen that 0.040- and 0.064 
in. Alclad 24S-T may also be treated to uniformly low 
resistances within 10 min. at 75° F. 

This solution, however, has temperature characteristics 
which are quite critical in comparison with the No. 14 
solution. Because of the relatively high viscosity of the 
solution the activity drops sharply as the temperature 
goes down, and the lower half of Fig. 25 shows that quite 
a correction would have to be made in treating times to 
compensate for a change in temperature. In addition, 
as with all aluminum surfaces treated in phosphoric acid, 
the resulting surface tends to be somewhat milky and 
tacky. The solution, however, is properly designated as 
a bright finish solution. 


also ob 


Phosphoric-Sulphuric Acids 


A combination of phosphoric and sulphuric acids was 
tried at room temperature to see if this sclution had any 
advantages over plain phosphoric acid. This solution, 
called solution No. 9, was made up as follows 


HoSO, (96% 
(85°; 
Nacconal NR 


Figure 24 shows that such a solution ts inferior to a 10°, 
phosphoric acid solution, Fig. 22, and even when the 
H.oSO,; and the H;PO, were each raised to 15°, (solution 
9A) these results were not measurably improved. The 
H.SO, probably represses the ionization of the phosphoric 
acid and in this manner tends to act as an inhibitor. 


Hot Phosphoric Acid 


A hot dilute solution of phosphoric acid also showed 
some promise as an oxide remover. Figure 25 shows 
that a 4% solution (solution 17B) reacts very rapidly at 
180° F. with the production of a low-contact resistance 
after 1 min. of treatment. By 4 min., however, over 
treatment has started and the surface resistance 
very rapidly after that. When the concentration was 
reduced to 1% the resistances started to come down 
within 3 min., but this solution tended to level off at about 
60 microhms instead of the usual 10 micrchms. This 
lower level tended to vary between 40 and 100 microhms, 
but for some applications, say the welding of dissimilar 
thicknesses, such a medium contact resistance would hs 
of some value. 


riscs 


Hot Phosphoric-Chromic Acids 


Because of the considerable discussicn it has evoked, 
a solution of phosphoric and chromic acids at 180° F. 
was investigated. This solution was composed of: 


H3PO, (85° ac 


CrO3... 
Nacconal NR 


(by volume ) 
(by weight) 
(by weight) 


Specimens of 0.020-in. Alclad 24S-T were treated at van 
ous intervals between 1 and 25 min. Thcre was no vis 
ible reaction in the solution, and at no time did the con 
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tact resistance measurement fall much below 1000 mi- 
crohms. Table 5 shows the individual values of the con- 
tact resistance measurements and these readings are very 


Table 5—Surface Resistance Obtained with Phosphoric- 
Chromic Acid 
Time of Treatment, 
Min. Surface Resis‘ance Microhms 


l 550, 600, 860 330 

2 700, >1000 >1000, >1000 

} 640, 560, >1000, >1000 810 

6 710, 820, 940, 560, > 1000 

8 940, >1000, >1000, > 1000 

10 >1000, 900, >1000, >1000, 920 
25 610, 740, >1000, >1000, >1000 


similar to the ones obtained with untreated stock. When 
the 0.020-in. Alclad 245-T specimens were welded in a 
condenser discharge machine, the welds exhibited all of 
the typical characteristics of those made on untreated 
material. 

Chromic acid acts as an inhibitor to the phosphoric 
acid. Although a 4% solution of phosphoric acid alone 
is capable of removing the initial oxide coating very 
rapidly (see Fig. 25), the addition of 2° CrO; seems to 
stop the reaction completely. 


Air Heat-Treated Stock 


Report No. 10 had indicated that the surface resist- 
ance characteristics of Alclad material obtained with air 
heated-treated stock were different than those obtained 
with nitrate heat-treated material. That report also 
indicated that the type of heat treatment had no effect 
on the surface character of bare 24S-T or on plain 99.7 
Al (which corresponds to the cladding), but that 
differences in heat treatment did show up on the Alclad 
24S-T material. These differences in surface character- 
istics were most pronounced for the 0.016- and 0.020-in. 
materials. They were of smaller magnitude on the 0.040- 
in. material, and were of very little importance on the 
0.064-in. material. 

For all of the principal solutions covered by this re- 
port, the surface resistance characteristics have been 


426-s 


WELDING RESEARCH SUPPLEMENT 


shown for both the air and nitrate heat-treat 
terials. In an effort to see whether these resista: 
characteristics could be made less critical in the thin 
heat-treated stock, the temperature was successive! 
lowered for the No. 5 solution (1% HeSO,) from |S0 ; 
160° F. and then to 140° F. Figure 26 shows that th: 
curves did widen out as the temperature dropped, but 
these characteristics were still not as satisfactorn 
those obtained with nitrate heat-treated stock 

Figure 27 shows the effect of lowering the concent: 
tion of the H,SiFs, in the No. 14 solution. The surf 
resistances were still erratic. A comparison with Fig 
indicates that there is no advantage in lowering th« 
centration of this solution for air heat-treated st 
Figures 14, 16 and 17 all show that air heat-treated stoci 
reacts more rapidly than nitrate heat-treated st 
This indicates that the oxide film formed in the 
furnace is either more porous or less thick than th« 
film formed in the nitrate bath. Welding experience | 
indicated, however, that for this solution, and in othe: 
where overtreatment effects are not serious, that a tr 
ment time which is satisfactory for nitrate heat-treat 
materials will be satisfactory for air heat-treated 
terials. The reverse, however, may not be true. 

All of the accumulated data point to diffusion 
mechanism which is causing these differences betwee! 
air and nitrate heat-treated material. To check thus, 
batch of 0.020-in. nitrate heat-treated stock was | 
treated again for various times in a nitrate bath at t 
solution temperature, 920° F. The longer the solut 
treatment the greater would be the amount of diffusi 
of copper constituents from the 24S core through U 
pure aluminum cladding. These specimens were then « 
given a standard surface treatrnent—one which wou! 
normally produce a low-surface resistance on nitratt 
heat-treated stock. Figure 28 shows that times up to - 
min. in the nitrate bath had little effect on the sur! 
characteristics. After 30 min. at 920° F., however, th 
surface resistance jumped suddenly to very hig! 
erratic values. After 1 hr. at 920° F. the resis‘ 
were even higher and more erratic. This indicates t! 
the time of nitrate treatment was prolonged, and 
diffusion progressed, the surface resistance curve was «ls 
moving progressively to the left, and that the s1 
reactions were proceeding more erratically in the bath 


Diffusion of copper constituents to the surface would 
increase the number of cathodic areas at the surface, and 
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“yis could account for the increased speed of reaction. 
+ js more difficult, however, to explain the apparently 
aid overtreatment on thin gages. To investigate this 
wither, a batch of specimens was given an anodic elec 
polish. When pure aluminum is electri lytically 
ojished in this manner for metallographic purposes, a 

It we of about 15 v. is used. This produces a very 
right and smooth surface. If the voltage is raised to 
ut v. (and the time of treatment reduced to 15 
the surface is still very bright and shiny, but ex- 
jon under the microscope shows that the grain 
yundaries have been etched out. If there had been any 
igh points before this electrolytic treatment, they would 
» depressions after the treatment. 

At the same time, this anodic treatment builds up a 
thin, transparent and dense oxide film which can « nly be 
removed by HF (and probably caustic). Figure 29 
shows the effect of a 3°, HF solution on air heat-treated 
naterial which had been electrolytically polished in this 
janner. With no anodic treatment, the air heat-treated 
tock behaved in its characteristically erratic fashion and 
led to produce a surface resistance under 100 microhms. 
With the anodic treatment, however, the resistance fell 
na fashion normally expected of nitrate heat-treated 
naterial and produced a very satisfactory resistance 

rve. In the anodically polished specimens, the current 
lensity tended to be high at the edges, and these r gi0Ns 
were attacked more slowly in the HF. The resistance 
measurements for this reason were confined to the cen 
tral portion of the specimens 

From the foregoing data a rough picture may be con 
structed of the differences between air and nitrate heat 
treated stock. Because of the longer heating times, ther 
sprobably more diffusion in the thin air heat-treated ma 

iu than in the nitrate heat-treated material. This 
‘iffusion of copper constituents would probably occur 
most easily along the grain broundaries. Once at the 
urlace, thin copper-rich areas, which would be cath¢ dic, 
uld increase the rate of attack of the surface tre ating 
n. <As the treatment proceeds, the aluminum 

weas, beimg anodic, would dissolve away, leaving the 
pper-rich points projecting from the surface. In the 
ntact resistance measurement this produces a series of 
pont contacts and the resistance shows an apparent rise. 
For actual welding, these copper-rich points would not 
be objectionable as long as they did not carry any of the 


‘ 


original oxides. 
case. 

Another cbserver has indicated that in shop practice 
air heat-treated stock tends to ‘spit’? more than nitrate 
heat-treated material. This is probably due to current 
concentrations at these copper-rich points 

As the mater’al increases in thickness, the time for 
diffusion to the surface increases very rapidly. In the 
0.040-in. material the effects of diffusion are less. and in 
the 0.064-in. material they have practically disappeared. 
This phenomenon might also account for the apparent 
rise in resistance of the 0.020-in. material on overtreat 
ment. Provided that no other film, such as a fluoride, is 
deposited, the rise in resistance of the thin material on 
overtreatment may be merely due to the exposure of 
these copper-rich high points. If this were true, the 
effects caused by overtreatment on actual welding prac 
tice would be minor, and this is shown to be tru 

At this point, the limitations on the use of the surface 
resistance measurement in shop control should be pointed 
out. If the stock is nitrate heat treated the resistance 
curve will fall in a normal fashion and the readings will 
be low and consistent when the surface treatment is 
operating properly. On the other hand, if the stock has 
been air heat treated, any material under 0.040 in. in 
thickness will give high and erratic readings even though 
the bath is behaving satisfactorily. With 0.064-in 
stock the resistance measurements will be low whether the 
material has been air or nitrate heat treated, although the 
air heat-treated stock will reach its minimum level well 
ahead of the nitrate heat-treated stock. These differ 
ences between air and nitrate-treated materials have been 
observed with every chemical surface treatment in 
vestigated and this condition should be ke pt in mind 
when attempting to interpret surface resistance measur 
ments. Ii the bath is to be used with air heat-treated 
stock, and if resistance mcasurements are to be used as a 
check on its operation, the surface resistance measur 
ments should be made on one of the heavier 
terial. 


Subsequent data show this to be the 
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Effect of Surface Resistance on Weld Quality 


The actual value of the surface resistance has sul 
prisingly little effect on the weld strength. Figure 20 
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SURFACE RESISTANCE IN MICROHMS 
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EFFECT OF 
HEAT TREATING TIME 


IN NITRATE BATH 


0.020" ALCLAD 245-T 
ORIGINALLY NITRATE 
HEAT TREATED, THEN 
RETREATED IN NITRATE 
BATH AT 920°F 


ALL SPECIMENS 
SURFACE TREATED iN 


NO. 10 SOLUTION- 75°F 


FOR 6 MINUTES 


10 


25 
TIME OF TREATMENT IN MINUTES 


Fig. 27 
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TIME OF RETREATMENT MINUTES TREATS 


Fig. 28 Fig. 29 
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0020" ALCLAaD 2as-1 irregular welds are formed. Between 2 and 
| NITRATE HEAT TREATED the surface conditions are at their best thy *, p 
400 | CONDENSER DISCHARGE WELDER| characteristically round and regular, and even ¥ ; 
SLOWLY RISING CURRENT no startling irregularities are visible. Welds 1, 
| | 23,400 AMPS undertreated material are apt to expel and th 
2 _Identical data for air heat-treated stock ar we 
24 | Figs. 32 and 33. Here it is also evident that lds 
undertreated material show some rise in strep.) 
welds made at optimum surface conditions or , ' 
$3 | } overtreated stock show surprisingly little differeye, 
strength. Optimum conditions on air heat-treat, 
= have a narrower range and are never as well defin, 
“3 ' nitrate heat-treated stock. The fractures in | 
= show that for this stock, '/2 min. of treatment nov 
SURFACE RESISTANCE sufficient to produce a round and regular weld. \; 
| min. and beyond irregularities due to overtreatment ap, 
| j beginning to appear. The surface treatments for the »;, 
heat-treated and the nitrate heat-treated materia! 
x: | identical and these fractures confirm what is sh wn 
the surface resistance ‘characteristic, Fig. 14, that 
heat-treated stock reacts more rapidly and ; 
20 critical with respect to surface treatment. 


SOLUTION—~75°F 


Fig. 30—Relationship Between Surface Resistance and the 


Strength of Spot Welds in 0.020-In. Alclad 24S-T, Nitrate Heat Surface Typical Av. Ay 
Treated Treatment Spot Surface ‘i 
Time, Weld Resistance, " 
Min. Fractures Microhms 


shows both the weld strength and the surface resistance 
for a series of welds made in nitrate heat-treated 0.020- 
in. Alelad 24S-T. A slightly stronger concentration of 
No. 14 solution at 75° F. was used as the surface treat- 
ing agent. Conditions on the condenser discharge welder 
were so chosen as to give a good weld at the optimum —— 
time of treatment—in this case 5 min. These welding 
conditions were then held constant and the surface re- 
sistance was varied over a wide range by varying the time 

of treatment. 

On untreated and partially treated stock, where con- ————— 
siderable amounts of the original oxide film remain, the 
weld strength does increase somewhat for the high-surface 
resistances. For optimum surface conditions the weld 
strength stays surprisingly constant, and on overtreat- 
ment the weld strength seems to rise very slowly. On 
the untreated side the surface resistances are in the 
neighborhood of 2000 to 4000 microhms while at the 
overtreated condition, in this instance, the resistances 
are not quite as high. This indicates that a very large 
change in surface resistance is necessary to appreciably 
alter the weld strength, provided that the weld is not a 
dud but of fairly good size. If the welding machine is 
set for dud welds at optimum surface conditions, a 5 
weld of fairly good strength may be obtained in partially 
treated material. Further data on this point will be 
presented in a later progress report. —_——— 

At any one surface resistance level, this rather limited 
data showed that the consistency of the surface resistance 
had little effect on the consistency of the weld strength. S 
Even on untreated stock, a fairly good consistency is ob- 
tainable in the laboratory. If, however, the surface HW — 
conditions are allowed to vary all the way from untreated 
material to overtreated material, the weld strength con- 
sistency becomes very poor. For a given set of welding 20 
conditions, it is necessary to control the surface treat- 
ment closely to obtain good weld consistency. 

Whereas welds in untreated materialemay develop —— 
surprisingly consistent shear strengths, Fig. 31 shows 
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0.020-in. Alclad 24S-T nitrate heat treated. 


that such welds have very irregular fusion. These frac- Surface treatment—No. 14 solution—75° F. 
tures illustrate typical welds at each point in the series of condenser-diachargs welder. 

: - "her ric . 925 ‘ ~* 
Fig. 30. At any treatment under 2 min., considerable Slowly rising current, 23,500 amp. peak. 


amounts of the original oxide film are present, and very Fig. 31—Effect of Surface Conditions on Weld Shape 
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Further evidence on the differences between air and Surface Typical Av AV 


jtrate heat-treated stock is shown in Fig. 34. Oscillo- T*satment 
sraphic studies were made of the electrode-to-sheet and Min, 
‘he shecet-to-sheet contact resistances for both types of “9 

sock in 0.020-in. material during a condenser discharge 

weld. [he peak currents and the surface treatments in 0 

the No. 14 solution were identical for each weld. The 


easurements and strengths were as follows: 


Original Surface 


Resistance, Weld Strength, 
laterial Microhms Lb. 
heat treated 6 240 
t treated 90 160 


hat this difference in surface resistance as measured by 

the bridge was not fictitious is indicated by the oscillo- _ 

raphic record of the sheet-to-sheet resistance. When ex- 

trapolated back to zero time the contact resistance of the 

ur heat-treated stock starts at about 90 microhms, and 2 

this same film effect shows up in both the upper and the 

lower electrode-to-sheet records. —— 
For some unexplained reason, the material with the 

higher sheet-to-sheet resistance formed the weld with 2 

the lower strength, even though the peak currents were 

identical. It is difficult to predict how the surface re 

sistance will affect the weld strength, since many cases 

have been observed where the higher surface resistance 

produced a weld of higher strength. 


Surface Treatment of Bare 24S-T 


Since there has been some interest in the surface treat- 
ment of bare 24S-T, several of the solutions used for the 20 
\lelad material were tried on this material. Unfortu 

nately, none of the room temperature solutions thus far 
mentioned were completely satisfactory on bare 245-T. = : = 


Che lowest surface resistance obtainable with the No. 0.020-in. Alclad 24S-T, air heat treated. 
solution, for instance, was about 50 microhms for Surface treatment—-No. 14 solution —75° F 
0.040-in. bare 24S-T after 6 min. in the bath. A dark Condenser-discharge welder 


Slowly rising current, 23,500 amp. peak 


Fig. 33-—Effect of Surface Conditions on Weld Shape 


! 

smut developed on the surface and it was necessary to 
! brighten the surface in a 25% solution (by volume) of 
| HNOs. 

— A 10% solution of (solution No. 17A) produced 
4 a surface resistance of 26 microhms on bare 24S-T after 
| 10 min. at 75° F. The outstanding advantage of this 

\ 


i solution is that no brightening dip was necessary. The 


stock emerged clean and bright with no smut visible. 
on The No. 5 solution (1% H2SO,) provides a consistently 
Ne 4 | low surface resistance for bare 24S-T. The lower half of 
| Fig. 35 shows that after 1 min. in the bath, the surface 
/ resistance is reduced to an average of about 10 microhms 
R : whether the thickness be 0.020, 0.040 or 0.0641n. Even 
after 30 min. there is no evidence of overtreatment. 
After 2 min. in the bath, however, a visible smut, which 
becomes quite dark after 6 min., appears. While it is 
possible to make good welds through this smut, it reduces 
the number of spots between tip cleanings, and it is 
usually removed by a short dip in 25%, HNOs;. This 
} | brightening dip has no apparent effect on the surface re- 

sistance, as can be seen from Fig. 
TIME OF TREATMENT IN MINUTES To avoid the necessity of a brightening bath, a hot 
ee dilute solution of nitric acid was tried as an oxide r 

Fig. 32--Relationship Between Surface Resistance and the for bare 245-T. The halt of Fig. 35 shows 
Strength of Spot Welds in 0.020-In. Alclad 24S.T, Air Heat that a 2° solution of HNO; (70% — S. G. 1.42) at 
Treated 180° F. produced consistently low-surface resistances on 
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Fig. 34—Effect of Method of Heat Treating 0.020-In. Alclad 
24S-T on Resistance Characteristics During Welding 


0.020- and 0.064-in. Alclad 24S-T after 3 min. in the 
bath. These resistances averaged about 10 microhms, 
ind even after 30 min. there was still no sign of over- 
treatment. No brightening dip is required. Each piece 
comes out very clean and bright with no smut visible. 
Figure 35 shows that the concentration is also not 
critical—the acid strength can drop to 1% without any 
substantial change in operating characteristics. It is 
suggested, however, that this bath be maintained at 2% 
HNQOzs and this can be done simply by pH measurements 
or by periodic titration. 

The action of these nitric acid solutions is a little 
different from that of the others. Very little reaction is 
visible and practically no hydrogen is evolved. The sur 
face seems to merely brighten as the reaction proceeds. 
Under 6 min. in the No. 16 solution the surface remains 
almost polished in appearance, but beyond 6 min. the 
surface starts to dull slightly. 

Although nitric acid is generally regarded as an oxidiz- 


Table 6—Surface Resistance Obtained by Treating Alclad 
4S-T in Solution No. 16 


0.020 In 


Alclad 24S-T Nitrate Heat Treated, Nitric Acid, 180° F. 


2°, Solution 3% Solution Solution 


rime, Time, Time, 

Min. Microhms Min. Microhms Min. ,Microhms 
10 60 4 300 4 * 1000-4 
12 13 6 16 6 59 
15 S LS Ss 19 
20) 10 10 
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ing acid, it can also become a reducing agent in 
concentrations—at least in its ability to ren, 
minum oxide. A 2° solution of HNO, (solut 
can also be used to treat Alclad 24S-T. Table / 
the surface resistance values of nitrate heat 
0.020-in. Alclad 24S-T obtained in No. 16 sol] 
180° F. 

From Table 6 it is evident that for Alclad 24: 
optimum concentration is at about 3% nitric aci 
though this solution is recommended only for bar 
it could be used for Alclad materials if necessan 


tlut. 


Surface Treatment of Assemblies 


Considerable interest has been shown in the p lit 
of surface treating parts after they have been assem)! 
The question arose whether or not subassemblic 


be fastened with bolts, rivets, screws or patent fasteners 


and then treated as a whole in the surface-treating bat} 
The surface tension of the treating solutions beco: 
importance in such a case, since the lower the 


Sul ( 


tension, the greater will be the possibility of penet: 
the space between the faying surfaces. As the suri 
tension is lowered, the size of the evolved hydroge: 
ble is also decreased and the possibility of trappu 
bubbles in this small clearance space is reduced. Su: 
tension measurements on the No. 14 solution mad: 

a DuNouy tensiometer are shown in Table 7. 


Table 7—Surface Tension Measurements. DuNou, 
Tensiometer, 75° F. 


Dyn ( 
Water 71 
No. 14 solution + no wetting agent 14 
No. 14 solution + 0.19, Nacconal NR 
No. 14 solution + 0.2% Nacconal NR 2 
No. 14 solution + 0.4% Nacconal NR 4 
BRIGHT FINISH JTION 
FOR PLAIN 245-T 
NO r 
HNO, - 2% 
0020 2 
020 - 2% HNO, 
= 0064" - 2% 
| 4 T T 
= 
+ 
j 
PLAIN 24 T 
NO UTION 
H2504 ° 
ec 0040 
« 0040 + BRIGHTENING 
a 4 = 
10 


TIME OF TREATMENT IN MINUTES 


Fig. 35 
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with no sign of a deposit. The surface resistances 


= ineasured (43 2. 3 (av. = 3) microhms. 
~~ q : After a few more trials it was soon evident that pieces 
vai treated in this manner behaved in the treating cycle as il 
ier 7 : they were single pieces. The whole series of experiments 


was repeated with a commercial solution which has phos- 
phoric acid as the main constituent and the results were 
identical. A dried-on deposit was left on the inside sur- 
faces unless enough clearance was allowed for thorough 
rinsing. With 0.040-in. clearance, provided by the horse 
shoe pins, the results were the same as normally expected 
with single pieces. 

To investigate the penetrating power of some de- 
/ greasers on assemblies, the surface tension, at 75° F., of a 
few alkaline degreasers was investigated. Table S shows 
the tensiometer measurements for four such solutions. 


| 


j 


ye" HOLES DRILLED CLEARANCE MEASURED 
FOR CLECO FASTENERS WITH FEELER GAGE 


fig. 36—Treatment of Assemblies 0.064-In. Alclad 24S-T Table 8—Surface Tension of Degreasing Solutions Measured 
at 75° F. 


fhe No. 14 solution is normally made up with Oz/Gel, Dynes/Cm 
Nacconal NR and Table 7 shows that there is no }: 
antage in using any more of the wetting agent. These ~ Soluble odio trisilicate powder 2 nS 

ilues for surface tension are as low as could normally be 3. Sodium metasilicate 2 

xpected in an acid solution with any wetting agent and Soluble sodium trisilicate powder . 
this solution should be able to penetrate into quite a small 7 critter mastarliine 2 29.0 
pening. Soluble sodium trisilicate 2 

Surface resistance measurements were made on 0.064- Orvus 
in. Alelad 24S-T assemblies, using the No. 14 solution at ©. Water 1.0 
75° F., and employing several procedures. First, to 

heck the solution two separate pieces were treated for 
(0 min., and the following readings eee obtained : Table 8 shows that degreaser No. 4 had the lowest sur 

, 4, 4, 4 (av. = 4) microhms. Two pieces, which had face tension. This degreaser is the same as Navy C-67-C 


previously been individually vapor degreased were then except that the rosin in the Navy specification has been 
issembled with Cleco fasteners as shown in Fig. 36. Be- ‘ 
wise of the short distance between fasteners the clear- 
mce Was very small, being less than 0.002 in. These 
specimens were then treated as an assembly in the No. 14 
solution for 15 min. After treatment they were rinsed in 


cold water for 5 min. and then dried in a hot air blast. R R R 
Because of the small clearance between sheets it took con- po Te pe 
siderable time to dry the faying surfaces and the alu Rg Rg Rp 


minum became so hot that it could not be handled. Sur- 

lace resistance measurements were all above 1000 

microhms, and an examination of the faying surfaces B 
showed that a considerable residue had been dried onto iti 


+ 


the material. 

fhe treatment was repeated except that this time, 
iiter the surface treatment of the assembly, the fasteners a 
were released and the pieces were rinsed individually and Xx 
then wiped with a towel. That procedure gave the fol- 
lowing surface resistance measurements: 3, 8, 15, 14, G | 
10 (av. = 16) microhms. The foregoing experiments 
showed that while the No. 14 solution could penetrate 
between the sheets and remove the oxide, the rinse water 
was unable to remove the No. 14 solution. Upon air 
drying, a high-resistance deposit was then dried onto the 
surface. A wetting agent was tried in the rinse water 
0.01% Aerosol OT) but this did not help. It was evi- 
dent, that if a deposit between the sheets were to be 
voided that clean rinse water would have to be admitted 
between the faying surfaces, and this could not be done 
unless there were sufficient clearance. 

lo provide some clearance, a horseshoe-shaped piece 
ol steel wire (similar to a hairpin) was inserted between 
the sheets around each Cleco fastener. These pieces 
were treated 10 min. in the No. 14 solution, rinsed in 
clean water for 5 min. and dried in a hot air blast. This 
time the air drying took only a minute or so without 
excessive heating of the aluminum. An examination of Fig. 37—Modified Kelvin Double Bridge Circuit for Measure- 
the inside surfaces showed them to be bright and clean ment of Surface Resistance 
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replaced with a wetting agent, Orvus. 


The following 
procedure was then followed: 


1. Drill and deburr two 0.064-in. specimens. 

2. Assemble with Cleco fasteners using 0.040-in. 
horseshoe pin between sheets at each fastener. 

Clean in degreaser No. 4, 5 min., 180° F. 
water break). 

4. Rinse in cold water for 5 min. and dry in hot air 

blast. 

5. Treat in No. 14 solution, 10 min., 75° F. 

Rinse in cold water for 5 min. and dry in hot air 
blast. 

7. Measure surface resistance. 


(no 


An examination of the dry inside surfaces after the de- 
greasing showed that these surfaces were very clean. The 
degreaser rinsed off rapidly and the 0.040-in. clearance 
seemed to be sufficient to allow good degreasing of the 
assembly. After the treatment in the No. 14 solution the 
contact resistances were: 6, 7, 8, 11, 10 (av. S) 
microhms. Here again the inside surfaces were very 
clean and bright with no sign of tarnish or deposit. 

These experiments illustrate that it is perfectly possible 
to clean and surface treat assemblies provided that 
sufficient clearance is provided at the faying surfaces to 
allow adequate rinsing. A convenient way to obtain 
these clearances is to insert a 0.040-in. horseshoe wire be- 
tween the sheets at each fastener, or to separate the 
sheets with wedges. These separators can be easily 
pulled out after the piece is dry and the spot welding can 
proceed without interruption. The need for such clear- 
ance almost precludes the use of rivets for assembly pur 
poses in these cases. 


Production Trial of No. 14 Solution 


The No. 14 solution was tried in production at a large 
aircraft plant. This manufacturer now uses the follow- 
ing procedure to prepare most of his Alclad 24S-T for spot 
welding: 

Hot alkaline degreaser. 

Cold rinse. 

Hot acid type oxide remover. 
Warm water rinse, 120° F. 
Dry with air blast. 


Each tank has inside dimensions of about 40 x 30 x 72 in. 
and holds 375 gal. when full. The hot acid tank is con- 
structed of cypress with stainless steel heating coils, and 
the others are all constructed of steel. The work is car- 
ried in large stainless steel baskets. 

At the end of this line was another 375-gal. wooden 
tank, and in this tank the No. 14 solution was tried. The 
solution was first made up as follows: 


12 gal. of commercial hydrofluosilic acid, approximately 
27% HeSiFs. 

2.5 lb. of Nacconal NR. 

315 gal. of total solution. 


Contact resistance and titration equipment were in- 
stalled in the shop right across from the tank. Titration 
of this solution showed 1.189% by weight of H2SiF, and 
surface resistance measurements of nitrate-treated 0.020- 
in. stock in this solution at 75° F. are shown in Table 9. 
These specimens were run through the large tanks in the 
same fashion as were the actual plane parts except that 
the No. 14 tank was substituted for the hdt acid oxide 
remover. Five readings were taken on each set of speci- 
mens. These measurements agree quite well with the 
laboratory curves shown in Figs. 14-22. From day to 
day surface resistance measurements were made in the 


432-s 


treated materials. 
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tanks on both air heat-treated and nitrate heat-: 
materials. In every case these measurements 
responded exactly with the laboratory curves. 

Some large production pieces were then run 
the No. 14 tank. The material was a 0.032-4) (49. 
combination and was treated for 9 min. Welding yw. 
satisfactory on both condenser discharge and 
machines. 

To speed up the reaction, 5 gal. of acid were 
the solution. The water level was adjusted so 1 
bath now titrated at 1.44%. The tank temperature | 
dropped to 66° F. (room temperature 68° F.) and 1 
10 shows surface resistance data for air heat-tri in 
nitrate heat-treated material 0.040 in. thick. Becays 
the low bath temperature not too much gain in t: 
time was noticed and the large parts were treat: 
min. in the tank. 

Quite a few baskets of material between 0.() 
0.051-in. were treated in this solution. Wher 
parts thus treated welded in good fashion, there \ 
siderable trouble due to smutting. The parts, 
ing treated in the No. 14 tank were covered with 
coating of dark smut which could be wiped off, but 
would not rinse off. Smutting occurred at both « 


Table 9—Surface Resistance Measurements Obtained from 
315-Gal. Production Tank 
Alclad 24S-T, Nitrate Heat Treated, 75 
Solution (1.189 H,SiFs by weight 


0.020-In. 


Time of Treatment, 


Surface Resistance, Averag 
Min Microhms Microhn 
3 52, 28, 56, 101, 260 ga 
110, 65, 110, 60, 52 79 
4 10, 8, 7, 42; 11 10 
12, 43, 58, 10, 32 
5 14, 13, 12, 18, 11 l4 
7, 6, 5, 6, 4 6 
10 1.5, 3, 9, 7 


9 
Oy 


trations of acid which were tried. While the smut did not 
interfere with weld quality, it seemed to reduce tip | 
and gave an objectionable appearance. Since this solu 
tion had never caused any smut formation previously on 
Alclad 24S-T in the laboratory, the entire tank 
dumped. 

Upon emptying the tank considerable amounts of stee! 
wool and other debris were found at the bottom. Thy 
tank was scrubbed, rinsed thoroughly and then refilled 
with No. 14 solution. After this had been done, n 
further trouble was encountered with smut formation 
Smut deposits were probably due to the iron in solution 
and probably also came from other impurities picked up 
from the tank. In breaking in a new solution it is well t 
first scrub the tank thoroughly, and then rinse it for 
few days with some of the No. 14 solution 

This second solution titrated at 1.159% H»SiFs. Tabl 
11 shows surface resistance measurements for this solu 
tion, at 66° F. for 0.020-, 0.040-, 0.064-in. Alclad 24S-! 
both air and nitrate heat treated. These values agre 
with the laboratory values shown in Figs. 14—22, and 
confirm the difference between air and nitrate heat 
Large pieces treated in the tank wer 
very clean and when properly treated exhibited a faint! 
dulled, slightly milky appearance when viewed oblique! 
All stock between 0.016 and 0.064 in. were treated at > 
min. The plant stock was all air heat treated. 

A considerable number of production baskets wer 
treated and these parts welded well on a.-c. machines, 0” 
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]0—Surface Resistance Measurements Obtained from 
a 315-Gal. Production Tank 


In lad 24S-T, Nitrate Heat Treated, 66° F., No. 14 
Solution (1.44°  HeSiFs by weight). 


ment, Surface Resistance, 

Min Microhms 

680, 610, >1000, >1000, > 1000 
> 1000, 890, 610, 720, > L000 


Average, 
Microhms 


560, 160, 310, 460, 860 $70 
600, 690, 750, 200, 650 580 
5 310, 290, 160, 290, 80 220 
600, 270, 250, 370, 95 320 
8 8, 10, 18, 11, 6 10 
10, 11, 9, 14, 5 10 
3, 3, 4, 3, 4 5 
3, 3 
3, 3,3, 3,0 } 


0.040-In. Alclad 24S-T—-Air Heat Treated 


110, 90, 45, 58, 110 x2 
230, 100, 230, 280, 120 190 
32, 36, 14, 17, 13 22 
28, 22, 45, 33, 26 31 
‘ 62, 107, 60, 170, 150 110 
13, 108, 55, 83, 36 15 
‘ 11, 8, 9, 22, 13 13 
34, 13, 15, 25, 17 21 
16, 27, 27, 55, 64 38 
9 10, 11, 8,7 i) 
5 31, 30, 37, 22, 22 28 
12, 30, 18, 18, 27 21 


lenser discharge machines and on the electromagnetic 
lenergy machines. Frequency of tip cleaning de- 
nied on how well the parts were precleaned before the 
removal, how well the oxide was removed, on how 


the surface. With this type of material it was found best 
to treat for a longer period of time in the No. 14 solution 
For 0.040-in. material a treatment time of 15 min. (at the 


1.15°% concentration) gave the best results. The longer 
treatment time is apparently necessary to loosen the im 
bedded particles, and at shorter treatment times the 
welds tend to expel. 

Some general precautions must be taken when prepar 
ing surfaces for spot welding, and these apply to surface 
treatment with any solution rather than to the No. 14 
solution specifically. First, considerable trouble in de 
greasing will be encountered if the material is merely 
dipped into an alkaline precleaner. Parts which have 
been formed, stretched or drop hammered come through 
with considerable amounts of heavy grease pounded into 
the surface. This heavy grease will not come off unless 
each part is carefully scrubbed by hand in the alkaline 
degreaser. Such a pre cedure is necessarily slow, and for 
this reason a two-stage precleaning might be used. The 
first stage might be a vapor degreaser or a hot organi 
solvent to remove the heavy grease and oil. Following 
this, a hot alkaline cleaner would remove the paint and 
any residual oil. Precleaning is extremely tmportant 
Unless this grease is removed there is little point im pr 
ceeding to the oxide removal, because adherent grease wil! 
merely cause uneven attack and will make the surface 
resistance very erratic. 

The parts should be thoroughly rinsed free from the 


Table 11—Surface Resistance Measurements Obtained from 


315-Gal. Production Tank 


66° F., No. 14 Solution 1.15% H.SiFs; by weight 


Time of 
Treatment, Surface Resistance, Average, 
Min Microhms Microhn 
0.020-In. Alclad 24S-T Nitrate Heat Treated 


h handling the part received after the oxide removal, 2 > 1000, >1000, >1000, 560, 480 
the machine set up and on the particular operator 
No. 14 solution gave the same number of spots be- 8 7.7.7,10,7 8 
yeen cleaning as was usually obtained with a bright mill 10 1,4,4, 4,4 
{ this character. For example, on a test run 120 15 35, 54, 40, 21, 18 34 
ts were made on long test strips of a 0.032 ).040-in. 0.020-In. Alclad 24S-T—Air Heat Treated 
ibination in a Sciaky machine. There was no pickup 9 520, 1080, 1080, >1000, >1000 
the aluminum, although a faint gray ring was visible { 150, 390, 1000, > 1000, 930 
m the copper tips. When the strips were peeled each 6 600, 570, 340, 1030, 1090 730 
t pulled a uniformly round spot. O10 
10 1060, 740, 790, 430, 650 40) 
m production parts about the same record was made Spite Rey 
‘properly treated spots. For a 0.025-0.040-in. com- 0.040-In. Alclad 245-T— Nitrate Heat Treated 
mation welded at about 40 spots per minute in a rocker t >1000, >1000, >1000, 880, >1000 
condenser discharge machine the average was be- SS, 200 ol) 
ren 125-150 spots per cleaning. A 0.025~0.032-in. 10 
bination in a Sciaky machine gave at one count 15 ee ee 3 
it 150 spots and at another about 80 spots. — 0.040-In. Alclad 24S-T-—Air Heat Treated 
pkeep of the solution is not difficult. Even after con- 
28, 26, 3/, 33, 26 30 
erable production work had been run through the tank é 06. 60. 70. 5B. 76 7] 
lepletion was measurable either by titration or by s 17, 22, 23. 24. 19 21 
lace resistance measurements. In continuous pro- 10 34, 45, 33, 23, 35 4 
tion, however, it would be well to check the tank at 15 26, 20, 30, 23, 35 wv 
t twice in a 24-hr. day, and this check can be per- 0.064-In. Alclad 24S-T—Nitrate Heat Treated 
med simply by the titration previously described. i > 1000, 980, 850, 770, 600 
some assemblies were tried in the No. 14 solution. 6 95, 110, 220, 100, 110 130 
parts were assembled with Parker screws, and small 
minum wedges were put between the faying surfaces + 4" 4 
provide at least '/,in. clearance. With this procedure, eres ae 
nd good rinsing, the pieces acted as if they had been 0.064-In. Alcind 24S-T—Atr Heat Treated 
ted separately and no solution remained at the inter- 
‘and no trouble was experienced in welding. 
nme batch of parts had been heavily drop hammered. 10 5, 9,9, 7,7 
€ surlaces were considerably marred, where dirt and 15 7, 6, 6,6, 7 6 
tal particles, as well as grease had been pounded into 
“ SURFACE TREATMENT ALUMINUM ALLOYS FOR SPOT WELDING 
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alkaline cleaner in cold or preferably hot water. In the 
oxide-removing tank, the time of treatment should be 
carefully controlled to give the optimum surface re- 
sistance. For the final rinsing operation, cold water is 
preferable. Rinsing becomes especially important in the 
treatment of assemblies. Here it is important to remove 
any solution from the faying surfaces or a residue will de- 
posit and give considerable trouble in welding. 

Most of the oxide-removing solutions contain wetting 
agents. These will carry over into the rinse tank and 
form a light froth on the top. If the parts are pulled 
through this froth they will present a streaked appear- 
ance. When this difficulty cecurs, it is well to reduce 
the amount of wetting agent in the oxide-removing solu- 
tion (for example, cut the Nacconal NR to 0.05% in the 
No. 14 solution), but it is preferable to provide a hose or 
a spray which can be used by the operator to rinse off 
this foam as the parts come out of the water. 

If parts are properly rinsed they may be dried with an 
air blast or a warm air dryer without streaking, or with- 
out leaving any residual deposits. In general, it is best 
to dry the parts immediately after the final rinse and it is 
best to avoid excessive handling during the drying, as- 
sembly or welding. Precautions in cleanliness will be re- 
paid in more uniform welds and in increased number of 
spots between tip cleaning. It is advisable to weld all 
parts within 24 hr. after oxide removal. Apparently, 
parts may ‘be run twice through the whole cleaning cycle 


2. A successful trial of the No. 14 solution » 


at a large aircraft manufacturing plant. A con 
number of production parts were treated, and t} 
welded in an entirely satisfactory manner. 

3. Assemblies were successfully treated in p: 
with the No. 14 solution. Previous laborato: 
ence had shown that the treatment of asse) 
feasible only if enough clearance is provided bet 
faying surfaces to allow adequate rinsing. This y 
to be true of all the solutions studied in this inv: 

4. Air and nitrate heat-treated Alclad 248-1 
differently to chemical surface treatments. 
treated stock reacts more rapidly and does not 
consistent surface resistance. 
due to diffusion of copper constituents from the 
through the cladding. However, equally 
welds can be produced in either type of materia! 

5. Several acid-fluoride salt combinations 
used at room temperature to treat aluminum 
However, these baths can only be controlled b) 
resistance measurements. 

6. A 15% solution of phosphoric acid ma) 


used for aluminum surface treatment at room te: 


ture. This solution is, however, unusually se: 
temperature changes. 


7. For the surface treatment of bare 24S-T, th: 


temperature solutions developed during this in 
tion are unsatisfactory. However, a 2“, nitric 


This difference is >: 


without damage. tion at 180° F. has very desirable characteristics. \ 
The different types of wetting agents have been dis- formed the and hence 
cussed in a previous report.? It should be pointed out SUDSequent brig he 
that all wetting agents will not work satisfactorily in surface resistance and consistent welds aré pr 
these solutions. The only wetting agent investigated in 
connection with cold solutions was Nacconal NR which Bibliography 
had previously been found satisfactory in hot solutions. 
is \ exnerte at other wetting agents may be 
It is to be expecte d th at ther wetting gents m Ay = 1 Hess, W. F., Wyant, R. A., and Averbach, B. I “An I 
found equally satisfactory. Due to the large number of the Surface Treatment of Alclad 24S-T in Preparation for | 
wetting agents on the market, it was not considered 
feasible to investigate all of them. Prior to Spot Welding,” Jbid., 23 (8), Re 
2-s to 14-s 
3. Seott,G. W., Jr., and Charles, E. B., ‘‘Contact Resistance M 
as Control for Preweld Cleaning of Aluminum Alloy ,"’ Jhtd., 23 
Suppl., l-s to 7-s (1944 
Summary and Conclusion 
From this report the following conclusions may be 
drawn: 
Appendix I 
1. A new solution for the surface treatment prior to 
spot welding of Alclad 245-T has been developed. This 
solution (No. 14) is very satisfactory, and possesses the Modified Kelvin Double Bridge for Measurement o! 
highly desirable advantage of operating at room tem- Surface Resistance 
perature. Among its desirable characteristics are: 
Equipment List 

(a2) No heating units are required since the solution 
Rs—9500-amp., 50-myv. Weston Shunt (100 

(b) The solution is simple, being a dilute aqueous solu- 
tion of hydrofluosilicic acid and a wetting agent. : 

(c) The time of treatment is reasonably short, and 2 Type 510C Decade-Resistan: UI 
there is an ample range of treating time with 10 ohm steps, #0.1% accura 
little danger of overtreatment. mounted in tandem 

(d) The acid is available at low cost in ample quanti- Ra and Re Awe . A 
ties. 2 Type 510D Decade-Resistanc 

(e) There is no health hazard, since practically no 100 ohm steps, +0.1"% 
vapors are evolved, and the solution is net mounted in tandem, Genet 
ordinarily irritating to the skin. Co, 

(f) A bright smooth finish is obtained on Alclad ma- 
terial. ; 2 Type 500D Fixed Resistanc 

(g) The strength of the solution may be determined 100 ohms, +0.1% accurac 
by a simple titration, developed during this in- Rb and Rd 
vestigation. This is an outstanding advantage ’ 2 Type 500H Fixed Resistam 
since it permits rapid and precise control, and 1000 ohms, +0.19% accura 
easy maintenance. eral Radio Co. 
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Table Type Galvanometer 

Rubicon Co., Cat. No. 3417 

Sensitivity 0.0044 microamperes per milli- 
meter 

Resistance = 
C.D.R. 


5S ohms, Period = 5.0 sec., 
850 ohms 
rbon Pile Rheostat 

Lead Storage Battery 


Rg—Sd50-ohm Resistor 

Sg—Galvanometer Switch, Key Type, Spring Return, 
D.P. 3 Position 

Sr—Ratio Switch, Toggle Switch, D.P.D.T 

Sb—Auto Starter Switch, Electric Type with Manual 
Button 

A—100-amp. D.-C. Meter 


Note: Equivalent apparatus may be substituted. 


Distribution of Shear Strength of Spot 
Welds in Various Aluminum Alloys 


Translated by R. F. Tylecote and Angela Lias from the German of F. Bollenrath and V. Hauk/ 


Translators’ Introduction 


N VIEW of the rather large differences between 

current British and German practice as shown 

in the following article, it appears opportune to 
make some comments on the views given and the results 
ichieved. 

fhe conclusion reached that the distribution of shear 
strength is sufficiently large as to preclude the use of 

ot welding instead of riveting in highly stressed parts 
seems unnecessarily gloomy. In fact, in the worst 
British practice with mechanical cleaning of the sheet 
surfaces a variation of +30°% of the mean load is rarely 
obtained. With properly pickled surfaces it is possible 

'keep 95% of the welds between + 10° under labora- 
tory and between + 15% under shop conditions. 

This difference can only be due to a considerable 
difference in technique. First, as to the machines used: 
the Siemens control works on an electronic principle, 
but does not compare favorably with British Ignitron 
program control. The modulator-controlled type of ma 
hine (A.&.G.) is not in use in any other country for 
ight alloy spot welding, and has so far only been used 
lor seam welders outside Germany. The mechanically 
controlled machines probably do not have synchronous 
contactors and are therefore unsuitable for light alloy 
welding. The stored energy machine (Sciaky type) 
will, in all probability, be similar to the one available 

this country. 

rhe double-spot-welding machine is a new type 
which makes two welds in series, and it is doubtful 
‘hether this principle can give a very good distribution 
ol shear strength. 

(he use of caustic soda solution as a pickle is to 
¢ deprecated. This solution leaves on the sheet 
‘urlaces a heavy deposit which has to be removed in 
itne acid. It appears that it does not give a contact 
resistance of a very low value, for the results shown 

7 indicate that it gives a mean shear strength 

xcess of that obtained by scratch brushing or emery 
‘ng. In view of the fact that the same current was used 
‘or all three methods, it may be assumed that the order 
shear strength represents the order of contact 
nee. Experiments made in this country and 

| show that the contact resistance of surfaces cor 


ted from the April and May 1944 issues of Sheet Metal Industrie 
unde, 34, 187-193 (1942 


rectly pickled is the same as that obtained with scratch 
brushing. Figure 7 shows that the contact resistance 
obtained with surfaces pickled in NaOH solution is es 
sentially the same as that obtained on ‘‘as-received 
surfaces. 

The conclusion that the current value influences the 
strength distribution is interesting, and shows that thers 
is a mean weld strength for every thickness of sheet for 
which consistency is at its best. 

The beneficial effect of cold work in raising the specific 
resistance of the material, and therefore for a given cur 
rent the shear strength, has been proved. It 
known that cold working the welds themselves exerts a 
beneficial influence. 

Finally, the conclusion that the strength distribution 
in a series of welds is so great that it makes comparison 
between welds and rivets valueless is not substantiated 
by work carried out by the Institute of Welding,{} where 
it is shown that for a series of 10 the distribution of shear 
strength of automatic bifurcated rivets is at least as 
great as that of the welds. While it is agreed that a series 
of 10 is not a sufficient number to obtain a quantitative 
estimation of the distribution which is likely to occur 
over a long period, it does afford a means of comparing 
the two methods. 


is also 


Authors’ Introduction 


Many of the influences which are of importance in the 
strength of spot-welded joints in aluminum alloy sheets 
have been described in a number of published works 
For example, writers have dealt in detail with the effect 
of current, time, electrode shape and material, pressure, 
type and surface treatment of the material, as well as the 
effect of the duration of the welding current and pres 
sure. 

The experimental results that have been published 
show a consistent trend in the dependence of weld 
strength on most of the above-mentioned influences, 
but vary very much in their relative values. This 
may be partly due to the fact that experiments were 
made with different types of machines and partly be 
cause the influence of certain other factors was not as 
sessed. It may also have been due to circumstances 
which are not understood, cannot be controlled and vary 
Weld 
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Fig. 1—Distribution of Shear Strength in Works A, B and C 


from case to case. It can be seen from many of the 
sources that the published figures were an average of 
from 2 to 5 or 10 individual figures,'~® while occasionally 
there is no information as to the number of tests carried 
out.’ It would be easy to conclude from this that this 
investigation is concerned with problems in which only 
small variations of ascertainable extent occur. But, 
again and again, when an experiment is carried through 
carefully, it is shown that to be able to repeat strength 
figures in a number of experimental tests on any one of 
the variables is difficult, and in the case of a small num- 
ber of tests is largely a matter of chance. Only the 
averages of a fairly large number of single figures, ob- 
tained under favorable and known experimental condi- 
tions, are sufficiently alike. The experience gained in 
the course of widespread practical application of spot 
welding in sheet-metal work agrees with these observa- 
tions. 

In the industrial practice of electric resistance welding, 
strength tests are frequently made in order to keep a 
check on the weld strength or to arrive at the most 
favorable welding conditions. For example, a number 
of spots are made on different gages of the aluminum al- 
loy m use at the moment, and the machine is set in ac- 
cordance with these strength tests. The result of such 
tests im a few works is reproduced in Figs. | (a) to 1 (c), 
where the relative frequency of strength is shown in steps 
of 22 lb. Figure 1 (a) shows the distribution curve of 
weld strength in works A for 1 yr. Fig. 1 (0) shows the 
curve for works B for 4'/. mo.; in contrast to 1 (a), 
this refers to selected values, in that the magnitudes 
of electrode pressure, current, etc., were changed from 
day to day so that the best welding conditions were ob 
tained. How an experimental series consisting of 25 


were distributed is shown in Fig. 1 (c). In view of the 
small number of tests and the constant welding condi 
tions, the distribution is naturally narrower, although 
it still amounts to 15% of the mean weld strength. The 
average for all three works is about 660 Ib. if the figures 
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Fig. 2——Dimensions of Test Specimens 
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tests made under laboratory conditions im works C 
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for the third works are increased 


in the rati | = 
sheet thickness, as for works A and B. 

In view of the wide distribution, it is 1m 
practice to use values for stress calculati 


are about 60°, of the possible average fig P 
0.040-in. Alclad sheets, 395 Ib. is used, wheres 2 
age figure, as stated above, is about 660 Ib & 
But according to Fig. 1 (a) the actual results % 
fall below even these low values, sometimes - 


much as 40°). In these circumstances, on 

very seldom consider using spot welding instea 

ing in important highly stressed parts, particu! 

joints with a small number of welds have to by le I 
But even in longer seams with a fairly larg: nber 

of welds, it is only a matter of chance whether 

able number of the lower strength welds 

in one position; the strength of the complet 

therefore decided by the lowest and not by t 

weld strength. Only for joints in thin sheets 

thickness of up to 0.024 in. is spot welding super 

riveting. In such cases the 


diameter of the 
greater than that normally used for rivets, becaus 
working stress is lower in the weld than in the r 
In general, the wide distributions indicate th 
present state of spot welding no comparison cat 
with riveting such as has been made by some authors 4 
In order to obtain a more exact understand) 

extent of distribution, which has already been dealt wit _ 
qualitatively in several publications,?:'°"' and ¢ 


5 
certain its causes, the work described below wa 
taken. It included a detailed investigation of welding 
conditions. 
6 
The Subject of the Investigations + 
' The material used in the experiments was sh 7 
aluminum alloy containing Mg and Cu, type Al 
Mg from DIN 1713 (alloy 1 with Cu 3.7 to 4.7' 
0.4 to 1.4%, Mn 0.3 to 0.7%), from various light P 


producers, aluminum alloys with various magnesi' 
contents and sometimes small additions of zine up t 
of the type Al-Mg (DIN 1713) (Alloy 2a with 5°) M 
2b with 6% Mg and 1% Zn, and 2c with 9°; Mg), a 9 
aluminum-magnesium-zine alloys (Alloy 3, Hy 45 DY! 

with about 3.59, Mg and 4.5% Zn). 

The wide distribution of weld strength 
in industrial practice (Figs. 1 (a), 1 (6), 1 (c), as well 
in the authors’ own experiments, indicated that 
less than large scale investigation into the strengt! 
spot-welded joints can give reliable results. Therelo 9 
it is quite inadequate when investigating the influe 
of certain variables on the distribution of weld streng'! 9 
to make just two to five tests; 50 or more are esseri! 

The investigation included such intentional varia 
as current, pressure and method of constructs 
far as the machine is concerned; as regards the mate : 
the composition, manufacturer, surface treatment 
gree of cold work were considered. All tests, except 
to determine the effect of machine design, were mc 
a grid-controlled rectifier machine made by >\ 
Schukert, which was on hand in the Institute. Tl 
ing conditions chosen for each series of experime! 
maintained constant with all the care the lab 
makes possible. For that reason, the experiments \ 
carried out when the rest of the works were idk 
there were the least possible variations in the 
Results were obtained on the following questio: 


obtained 


1. Range of strength distribution for the (iflcre 
alloys, with the other variables maintatic | 
stant. 
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Table 1—Summary of Weld Properties and Test Results 


Total 
|No. of 


welds 


in 
pounds /weld 


| | | |Weld strength 


Size |Sheet- Trans- | Secondary} Weld | Electrode 
Type of alloy. of |thick-| Primary| former | current, time, | pressure 
sheet | ness | volts. | tap. | amp. cycles. | Ib 


Pitch (in.) 


Test Series 


mum 


| 


Al-Mg-Zn | 
3.5% Mg, 4.5% : 3 26,300 
Zn. 
Al-Mg | | 
Hy 5% (5% Mg) |0.040 
Hy 16 (6% Mg, 12 | 0.039 $954-5 | : 22,000 
ZN) 
Hy 9 (9% Mg) 0.043 | 
Al-Mg-Cu | 
vel (DIN 1713) 4 19,000 
ise | (3.7-4.7% Cu,| 12 | 0.041 4 21,000 
0.4-1.0 % Mg, | | 5 23.700 
0.3-0.7 % Mn) | 5 26,500 
4 21,000 
Al-Mg-Zn 0.041 5 23,700 
5 26,500 
4 17,400 
Hy 9 (9%- Mg) 2 (0.043 | 4 19,400 ; 96 660) 
5 21,800 660 
24,500 887| 735)1,050 
6| 17 | Al-Mg-Cu 12 | 0.041 +2] 22,500 365| 286| 483 
18 | 318) 264, 418 
19 | 516| 440, 593 
7 | 2 | Al-Mz-Cu | 5 24,80 467 +15 96 539] 462, 617 
21 | 496 418) 550 
23 | Al-Cu-Mg : 8 | 96 453) 352, 592 
24 | Alclad oe | | 436, 308) 484 
25 | = 479| 374] 550 
27 | Alclad ... 5. 26,200 96 553) 440, 638 
28 | | | | 281) 374 
ei 2. Influence of welding current on strength distribu- Methods of Conducting the Experiments 
- tion with constant electrode pressure. 
Se 3. Dependence of weld strength on current, with con The conditions of experiment for the various series 
stant pressure. are listed in Table 1, except for the following details. 
Influence of surface treatment on mean weld The shape of the test specimens is shown in Fig. 2 
strength and distribution. Usually, a space of 0.79 in. was left between each spot 
vol ». Influence of cold working on mean weld strength. and each row of spots, and a space of 0.4 in. from the 
+t] . Range of distribution of weld strength and mean edge. Im order that failure should not occur outside 


weld strength for sheets from different manufac- the welds in the case of very strong welds in the series 
turers. on welding current, the pitch here was increased to 
1.1 or 1.2 in. For the double spot welding machine 
a distance of 1.4 in. had to be left between the rows of 
welds. The sheet normally used had a thickness of 
Electronically controlled machine (Type WP 7 about 0.040 in., except for the investigation on the 
effect of cold working, for which the sheet thickness 
Modulator-controlled machine (A.E.G.).'5: 6 was 0.024 in. Throughout, spot welds were made on 
Mechanically controlled Peco machine. strips which had been cut across the direction of rolling 
High-frequency double-spot type machine of the sheets. 
ferent (Berghaus)."’ Each experimental series was taken from one sheet. 
Electro-magnetic stored energy machine (Sci- After welding, tensile test pieces 0.8 to 1.2 in., according 
aky type). '" to the pitch of the welds, were cut from the sheets with 


Influence of the type of machine on weld strength 
with reference to the following machines: 
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shears; thus, there were two welds in tandem in each The electrodes of the electronically control), 


yr 
test specimen, the load being applied in the direction of | machine were of electrolytic copper of 0.4 in meter i, 
rolling. fixed in a taper hole in the water-cooled electro: | 
The sheet surfaces were prepared for welding by The electrodes were cleaned with emery papi r (gr,;, 
pickling, scratch brushing or emery papering. The _ size 180) held ona backing plate. By using the })jy¢ 4, | 
pickling process used was as follows: electrodes were easily kept round. The electrodes wer] 
(a) Pickle for 10 sec. in a 10°) NaOH solution at about cleaned after welding each sheet—that is, afte: if = 
60° C welds. 8 
The “aS “me 7 » weld stre > 
(b). Rinse in water. [The measurement of the weld strength t | 
(c) Remove oxide film in 25°, HNO, at normal room | 
temperature. | 
Rinse in water. 20 | | 
Processes (a) to (d) were repeated once again, then: nN ie 
| 4/ 
2 | 
(e) Dry the sheets. NS 
‘ 8. 10 
For brushing, rotating steel wire brushes were used. & 
After brushing or emery papering the sheets were de-— g 
greased. 
In order to eliminate any systematic variation—t.e., & a ' 
in order to spread statistically over the rows any sort of 550 060 "70 a esol 
variation that occurred—the first row of welds was first Strength in Lbs / Spot pi 
made in every pair of sheets, and then the second row oa 
was made in the same order. Fig. 3—Strength Distribution for Al-Mg-Zn (Alloy rout 
ile 
he 
t us 


Table 1 (Continued)—Summary of Weld Properties and Test Results 


be | Weld strength 
Sh T Wela | _| | Total 
Size |Sheet- rans- | e 58 ota unds/weld istral 
Type of alloy. of |thick- | Cold | Primary} former time, | + 22 a |No. of 
sheet | ness | work | volts. tap. cycles. | | welds. I xp 
29 138 | 132) 374 
30 2.5 122 | 266, 176) 374 ws de 
31 | Al-Mg-Cu 12 10.024 8 |380410/ 5/1 | 21,200 4 |387413/0.8 | 152 | 354 286, 440 twent 
10 | 32 20 160 | 364 242 462 tive fi 
33 ome 138 | 295) 154) 373 pert 
34 136 | 308, 374 
35 334 | 240| 132| 352 SOUP 
36 | Al-Mg-Cu 12 {0.024 25 | 380+3 5/3 | 24,000 4 [440+13/0.8 | 378 | 259) 176; 396 
11 } 37 8 384 | 275) 154 373 men 
38 20 360 | 251) 132 396 stant 
39 274 | 251| 352 
40 | 12. | 0.024] 25 | 39545 | 3/1/2 8 462 |0.8 | 274 | 255) 132} 3390 
12 | 41 8 252 | 294) 154) 396 
42 20 250 314, 220 374 
43 208 | 253) 220) 286 was fi 
13 | 44 | Al-Mg-Zn 10,0241 25 37543 21,000 4 440+ 13)0.8 | 224 284) 264 352 
45 | 20 224 | 321 241| 396 
14 | 46 | ALMg-2n | 39 — | — — | — | — | 440 100 | 396) 506 
15 | 47 | Al-Mg-Zn | 39 |0.042} — | — — | — | 286 |0.8| 100 | 538) 462 616 
16 | 48 | Al-Mg-zn | 12 |o042| — | — | — | 22,000] 8/100 | 530 |1.2| 100 | 627) 484 748 
sec. 
17| 49 | ALMg-zn 39 |0.042| — | — H 5 — | 8/100 | 650 |0.8| 100 | 630, 550, 703 
SURFACE TREATMENT. Welding Machine 
Test pieces were normally pickled apart from the following :— 
17. One side brushed. F 24 13 per cent. of the cladding removed. Test Series 12 AEG 
18 Both sides brushed. 25 24 14 Sciaky 
20 One side emeried. 26 22 15 
21 +#Both sides emeried. 27 34 16 Berghaus 
22 &% percent. of the cladding removed. 28 43 17. Peco. 
23 7 per cent. of the cladding removed. 48 Both sides brushed. All others SSW. 
438-s WELDING RESEARCH SUPPLEMENT SEPTEMBER 
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Fig. 4—Welding Results from Series 2 


ne day after welding with Alloys 2a-c, with Alloy | 
three days after and with Alloy 3, 20 days after. 

[he tensile-testing machine was a 6-ton machine 
from Mohr & Federhaff, used on the 6600-Ib. range, with 
_rate of strain of 0.4 in. per minute when unloaded. 

he test specimen containing the first spot made was 

t used, since a single spot with no neighboring weld 
sives a higher failing load. 


lar Hydronalium (Alloys 2a-c), known to have good 
weldability, produced distributions of the same order. 
Figure 4 shows the results from welding, Series 2. With 
increasing magnesium content, the mean weld strength 
rises from 562 to 600, and up to 720 Ib. per weld, while 
the distribution remains about the same tor all three 
alloys. 


Influence of Welding Current on Strength Distribution 
with Constant Electrode Pressure 


In order to get an idea of the effect of current on 
distribution, welds were made in rows on sheets ol 
Alloys 1, 2 and 3, with various current settings. The 
investigation was carried out in this way; while the 
rest of the conditions were kept as constant as possible, 
the secondary voltage and hence the current was varied 
by changing the tapping of the welding transformer 

The results of welds on Alloy | are shown in Figs. 5 (a 
and (6); Fig. 5 (a) shows the distribution curves, while 
Fig. 5 (6) shows minimum, mean and maximum figures 
of weld strength against current. When the secondary 
current is small, it may be seen from Fig. 5 (/) that dis 
tribution is large. As the current imereases distribution 
becomes smaller, and when the current is very high it 
increases again. Thus, in a certain range of current the 


Experimental Results 


Distribution of Weld Strength 


Experimental Series 1 may be 
nsidered as an example in order 
get an idea of the strength distri- 
ution which occurs under labora- 
tory conditions. One hundred and 
twenty-six test pieces gave the rela- 
frequencies shown in Fig. 3 as 


CNCY % 
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CFU 


Ss 


~ 
S 


R 
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percentage of the total of all the 
xperimental test specimens in 
groups of 22 Ib. Even when weld- 
ng is carried out under laboratory 
mditions, with the voltage as con- 
tant as possible, the surface con- 
lition the same, and constant pressure, wide distribution 
ecurs. Thus, the lowest value is approximately half the 
highest value. The distribution amounts to +30°%) of 
the average figure of 718 lb. per weld. 

What is shown in Fig. 3 for the Al-Mg-Zn (Alloy 3) 
was found for all the alloys investigated, and in particu- 


Secondary Current Amps «104 


Fig. 5 (b)—Minimum, Mean and Maximum Figures of Weld 
Strength Against Current 


. 5 (a)—Distribution Curves for Welds on Alloy 1 


distribution is at a mimimum. This is the range which 
is most favorable for welding. It is true that the fouling 
of the electrodes is very slight when the current is low, 
but the average weld strength values are low, and welding 
is inconsistent. When the current is high, the mean weld 
strength is high, the electrodes alloy too easily and one 
has to reckon with a wide distribution in welding 

Distribution with Alloy 2 is of the same magnitude. 
With Alloy 3, in general, it is somewhat larger than with 
Alloy 1. The individual values for minimum, maximum 
and mean weld strength can be seen in Table 


Relation of Welding Current to Weld Strength with 
Constant Electrode Pressure 


From the results given in the preceding paragraph, 
the relation of mean weld strength to current for all 
the alloys investigated can be obtaimed if, with a certain 
current, the corresponding averages of weld stre1 
equated to 1.00, while all other values are ch 
cordingly. In Fig. 6 the result is shown for Alloy 

and 3. Here the average weld strength corresponding to 
a secondary current of 21,000 amp. Was equate d to 1.00. 
According to Fig. 6, the same rules for the current 
strength relationship apply to all materials. 
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fe) 1). While scratch brushing both sides, as well 


ne | ing both sides, give considerably lower weld ngth 
pickled sheets showed about the same aver weld 
< strength as those brushed on one side. Hi er. in 
S 1:50 German industrial practice, light metal sheets ar ot] 
e | pickled except in certain special cases, in which hi 
is preferred for production reasons. 
x It was therefore of great interest to get a ck eit ate a 
100 to which surface treatment gives the greatest mean wels 
S strength with the least variation. This ent he ; 
& at large-scale investigation of the most important terial & 
according to DIN 1713. . 
0-50 In Series 6, sheets which had been brushed . e or : 
/8 20 22 24 2 2g both sides were compared with, pickled sly ; ‘ 
Secondary Current Amps x10? Series 7, sheets emeried on one or both sides w: 
pared with pickled sheets. These results are 
Fig. 6—Mean Weld Strength for Alloys 1, 2c and 3 gether with those of E. = Rajakovics and E. 3 I 
; Fig. 7. In this figure, for purposes of comparis thi 
Influence of Surface Treatment on Mean Weld Strength ™ 
1350 
Opinion is divided as to the best method of surface Ss tee 
treatment. For pickling alone, different firms have Influ 
their own ideas on bath composition, temperature, & 420 a a 
duration, etc. Besides pickling, either one-sided or @ Series \/0 Dt 
two-sided emerying is used. The problem is to deter- 3 fied 4 3 nd 
mine which type of surface treatment gives the best weld = ets 
strength with minimum variation. + Works 
E. von Rajakovics and E. Blohm® conclude from their ee 
experiments that to increase the mean weld strength as = 
well as to improve the structure of the welds the one- ™ B 20 pre 
sided brushed surface is the best for Alclad sheet (Alloy Degree of Cold working % mac} 
mat 
Fig. 9 —Effect of Cold Work on the Strength of the Weld: cont 
x 
mean weld strength of pickled sheets is equated to 
— a | and the other figures are altered accordingly. It can of 
7 seen from this that ding to Rajakovies and Bloh 
s 4 eee the mean weld strength of the pieces brushed or emeri of t 
S \ / on both sides is considerably lower than when they ar afl 
& “. pickled. Moreover, these figures lie beyond the rang anil 
070 of distribution which were obtained for pickled sheets The 
Both Sides One Side cording to the results of the present work, there ar anal 
such wide differences of weld strength and the variations ee 
x. lie within the range of distribution. come 
It might, however, be the case that the mean weld 
BS strength would, after all, be altered if a considerab! 
& & part of the cladding were removed. In order to imvesti 
A gate this, layers of cladding of varying thickness wer ane 
Aesent Results removed by pickling for the sake of greater evemnies: 
From Rayacovies ond Test pieces were taken from the sheets, microsecti 
Fin: of and Pickled Sheets were prepared, and the percentage of cladding thickues 
removed was estimated by averaging a number of sig! 
measurements of cladding thickness. These investig 
tions were made in Series 8 and 9, and the results ar 
we 120 © |senes 8 shown in Fig. 8. In both series the mean weld strengt! 
s @ [eres 9 of the test pieces with 22% of the cladding remove: 
= le equated to 1.00, and the other figures adjusted a 
= ingly. Apart from decreasing the mean weld strengt!i 
removing the oxide film, the mean weld strengt! r 
= mains constant from the removal of 10% of the cla 
& /00 s 2 2 thickness onward. The 10% removal is obtain 
8 ‘ pickling in 10% NaOH for 10 sec. at 60° C. 
¥ e ’ From these experiments it is apparent that no co 
090 able difference in mean weld strength results fro 
0 10 20 30 40 different surface treatments, nor has the method o! st! 
Liadding Removed % face treatment any influence, apart from small 
tions, upon strength distribution, as can be see! 
Fig. 8—Effect of Removing Cladding Table 1. 
19 
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Fig. 10—Weld Strength in Sheets of Al-Cu-Mg from Different 


Producers 


Influence of Cold Working on the Mean Weld Strength 


During cold working of the sheets during pressing 
wd drawing, greatly varying degrees of cold work 
ecur. Sheets are also worked in the fully heat-treated 

ndition after quenching and by the final straightening 
operation in which the degree of ‘cold work is not exactly 
defined. It is of great practical interest to find how weld 
strength is influenced by cold working, using the same 
machine setting as has been found to be satisfactory for 
material in the age-hardening condition. Experiments in 
connection with this were made im detail on Alloys | and 
3. Series 10, 11 and 12 refer to sheets of Alloy 1; of 
these, the first two were made on an electronically con- 
trolled Siemens machine and the last on a modulator- 
controlled A.E.G. machine. Series 13 applies to sheets 
of Alloy 3 welded on the Siemens machine. The original 
thickness of the sheets was 0.040 in. The four quarters 
of the sheet were rolled down to 0.0237, 0.0241, 0.0257 
and 0.0284 in., respectively, solution heated, quenched 
and aged, and finally cold rolled to a thickness of 0.237 in. 
The respective degrees of cold work by decrease of thick- 
ness were 0, 2.5, 8 and 20°%. The strength of the welds 
for 0° of cold work was equated to 1.00. The complete 
result shown in Fig. 9 is based on about 3500 welds, and 
shows the weld strength——cold work relationship, which 
is in agreement with the theory that weld strength should 
mcrease with cold work owing to the increase in the 
specific resistance of the material. The inference from 
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Fig. 1l—Comparison of the Electronically Controlled with the 
Modulator-Controlled Machine 


BER 1944 


SHEAR STRENGTH ALUMINUM SPOT WELDS 


this result is that the welding machine setting used for 
the aged material can be retained for the cold-worked 
material. If, however, the wall thickness at the position 
to be welded has been greatly altered by cold working, 
the machine setting should be altered to suit the new 
thickness. 


Weld Strength and Distribution in Sheets of Al-Cu-Mg 
Alloy from Different Producers 


Numerous identical rows of welds were made in sheets 
Alloy 1 in the aged condition from three producers 
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Fig. 12—Distribution of Weld Strength for Various Machines 


(Series 10). All sheets were clad with a Cu-free alumi 
num alloy. According to the results in Fig. 10 no notice 
able differences in the frequency-distribution curve occur. 
The distribution for sheets from all the three light metal 
works are about the same, the maximum frequency being 
between two neighboring strength ranges—295 and 308 
Ib. Similarly, the mean weld strengths of 280 and 
308 Ib. per weld are only separated by one-tenth of the 
strength distribution. 

This result is of great practical importance, sine: 
in welding sheets from different works with the 
cladding the same machine setting can be used 


same 


Influence of the Type of Welding Machine on the 
Distribution of Weld Strength 


The cost of the different machines used during these 
investigations varies widely. To what the 


extent 
simple or complicated methods of construction are 
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conditioned by the special demands of the industry 
making light metal sheets cannot be discussed in con- 
nection with the present experiments. It may be said 
that it is related to the type of parts being produced 
and other industrial factors such as personnel. Here 
the authors have only tried to work out the strength and 
frequency distribution curves where mean weld strengths 
are comparable. Identical mean weld strengths were 
not realized in every case. But they were so nearly the 
same that in accordance with the relationship shown in 
Fig. 5 (6), the conclusion set out below is justified. 

Out of all the results only a few typical examples are 
cited here. Figure 11 shows for Alloy 1 a comparison of 
the electronically controlled machine, W P7, from Sie- 
mans (Test 35) with the modulator-controlled machine 
from A.E.G. (Test 39). The form of the frequency curve 
is almost the same for the two machines, and the same 
applies to the stress range-—131—373 lb. per weld for the 
Siemens machine, and 131-351 lb. per weld for the A.E.G. 
machine. The mean figures of the weld strength, as was 
postulated, hardly differ—239 lb. per weld for Siemens 
and 250 lb. for A.E.G. In the same way, comparable 
tests (10, 46, 45, 48 and 49) on welds made by Sciaky, 
SSW, Berghaus and Peco machines show, according 
to Figs. 12 (a-d) no noteworthy difference in the range of 
distribution. 

With all machines, considerable distribution occurs. 
On account of the different secondary current values, 
however, the ranges are not of equal size, as has already 
been explained. With Test 49, 44% of the test pieces, 
from the sheet failed at the edge of the weld slug, since 
the distance between the welds was too small for the 
high weld strength. As a result of this, the full weld 
strength was not always ascertained. Therefore, the 
higher figures are missing in the distribution curve, as in- 
dicated by arrows in Fig. 12 (d). 

The distributions which occur are not caused by slight 
differences in the duration of weld time or current, or in 
the application of pressure, etc., with the different weld- 
ing machines, but are due to other influences. 


Reviews of Recent 
Foreign Welding 
Literature 


Editorial Note—The Welding Research Council is un- 
able to obtain current foreign welding literature, but we are 
indebted to the Welding Research Council of the British In- 
stitute of Welding for the following abstracts. 


WELDING BootH CURTAINS MADE FIRE RESISTANT. 
Avtogennoe Delo, vol. 12, No. 5 (Translated in Iron 
Age, vol. 152, 1943, Dec. 30, p. 51.) 

Glycerine is an important constituent in.the prepara- 
tion of coatings for making a substitute ‘for asbestos 


WELDING RESEARCH SUPPLEMENT 


Conclusions 


Extensive investigations were made on abo; 
spot welds in order to determine the strength dis: 
The aluminum alloys investigated included ¢! 
taining magnesium, copper and magnesium, 
magnesium and zine. The welding conditions 
as constant as possible, and the following re 
established : 

Distributions occur with all aluminum alloy 
so great as to make it of little use to compare t! 
weld strength of a series of spot welds with thx 
of a series of rivets. 

The connection between weld current and distr; 
as well as current and mean weld strength, has bec: 
lished. 

Different surface treatments of material before w 
do not show any great influence on the distribut 
the mean weld strength, or on the extent of the 1 

Mean weld strength increases with increased cold 

Sheets of the same type of alloy from different 
ducers have the same mean weld strength and ra 

The distribution of weld strength is in practic: 
pendent of the make of machine 
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cloth used as curtain material for electrical welding 


booths. Fabric is fireproofed by saturating it with 
20% solution of ammonium phosphate, drying and coat 
ing with three layers of a mixture containing: milk 
casein 100 parts, water 400 parts, glycerine 130 parts, 
ammonia solution, 25°), 10 parts. Intermittent drying 
periods are necessary between the application of cach 
layer. Periods of § to 12 hr. are needed if drying is dou 
at room temperature, but the time may be shortened i! 
higher temperatures are used. If 500 parts of water 
glass (sodium silicate, sp. gr. 1.35-1.40) is added to th 
above mixture after homogenizing, the preliminary sat- 
uration with ammonium phosphate can be omitted 
Thin or transparent fabrics can be made opaque by 

ing 30 to 50 parts of zinc oxide or soot to the above mix- 
ture. Protective curtains made in this way were found 
to be somewhat more fire resistant than curtains of fire- 
proof tenting canvas also subject to suitable impregna- 
tion. 
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Alclad and 61-SW 


Introduction 


HE R.P.I. Welding Laboratory has developed a 

preweld cleaning solution for 24-ST Alclad alu- 

minum alloys, consisting of a dilute solution of 
hydrofluosilicic acid, HeSiFs, to which a trace of a wet- 
ting agent is added. A complete laboratory examination 
f this solution for 24-ST Alclad alloy supplemented by 
limited experience with it in production has been re- 
ported by Hess, Wyant and Averbach.' 
In addition to work with this solution in the labora 
tory, a successful factory test in actual production has 
been carried out with hydrofluosilicic acid as a preweld 
cleaner by the Armstrong Cork Co. over a period of 
approximately six months. As a result of the factory test 
this solution has been installed at the Armstrong Cork 
Co. for regular production preweld cleaning of 24-ST 
Alclad alloy. Enough laboratory and developmental 
work has been done in cleaning 61-SW aluminum alloy 
with various hydrofluosilicic acid solutions to determine 
that it is applicable to this alloy. A factory test for 61- 
SW is about to be initiated at the Armstrong Cork Co., 
using a somewhat less concentrated solution than recom- 
mended by the R.P.I. Welding Laboratory' for 24-ST 
Alclad alloy. 

A sufficient number of candidate preweld cleaning 
solutions have been examined at the Armstrong Cork 
Co, so that a regular procedure for the purpose has been 
established. The detailed steps of this examination are 
presented in Appendix I. Since the hydrofluosilicie acid 
solution was developed and has already been studied in 
the laboratory for 24-ST Alclad alloy by Hess, Wyant 
and Averbach,' little emphasis has been placed in this 
work on carrying out the details of Steps 1 and 2 in 
Appendix I under laboratory conditions for this particu- 
lar alloy. The tests reported here were made directly 
from material cleaned in the production tank as outlined 
in Step 8. However, considerable attention has been 
paid to Steps 3 through 8 of this procedure for 24-ST 
Alclad, with the result that a 1.18% by weight solution of 
H.SiF, to which 0.1% by weight of the wetting agent 
Nacconal NR has been added is found to be a very satis- 
factory solution for preweld cleaning this alloy in pro- 
duction. 

Since no work has been reported from R.P.I. on the 
use of hydrofluosilicic acid to clean 61-SW alloy, Steps | 
and 2 in the procedure of Appendix I have been carried 
out for 0.025-, 0.032- and 0.040-in. 61-SW alloy. Al- 
though the resultant contact resistances are somewhat 
high and erratic for solution concentrations in the 
neighborhood of that recommended by the R.P.I. Weld- 
ing Laboratory! (i.e., 1.18% by weight), it has been 
shown that low consistent values are obtained if the con- 
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0.75% by weight. 


about 
Furthermore, preliminary indications are that the lower 
concentration is satisfactory for production cleaning of 


centration is lowered to 


24-ST Alclad alloy. In the factory test scheduled for 61- 
SW it is expected to determine a compromise value for 
the solution concentration that will be suited to both the 
61-SW and 24-ST Alclad alloys. 


Il. Procedure 


1 


The general procedure of the work has been |) to 
select 1.189% by weight as an hydrofluosilicie acid solu- 
tion concentration for 24-ST Alclad alloy, (2) to accept 
room temperature as the solution temperature, (3) to 
judge solution efficiency and performance by daily con- 
tact resistance measurements and weldability of produc- 
tion pieces, (4) to maintain the solution by additions de- 
termined from daily concentration measurements and 
(5) under these conditions to determine the optimum 
production preweld cleaning procedure. 

The contact resistance measurements have all 
made by means of an apparatust already described by 
Scott and Charles.* This reference establishes contact 
resistance measurements as a production tool for the 
control of preweld cleaning solutions for aluminum alloys 
and also gives constructional and assembly details of the 
measuring equipment. In brief, contact 
terminations have been made by holding together, with 
a known force, test coupons cut in accordance with the 
recommendations of the Aircraft Welding Standards 
Committee of the AMERICAN WELDING Society® and pass- 
ing a known current between the faying surfaces. A 
subsequent measurement of the voltage drop across the 
surfaces together with the predetermined value of cur- 
rent allow the contact resistance to be calculated di- 
rectly from Ohm's law. Because of the unavoidable 
variation in the surface condition of aluminum alloys in 
the “as-received” state, each point plotted in curves of 
this report is the average of at least ten individual con- 
tact resistance determinations made from twenty dif- 
ferent test coupons. Experience gained from making 
thousands of contact resistance measurements indicates 
that ten values from different specimens represent suffi 
cient precision of measurement to serve reliably as a guide 
to solution effectiveness and production weldability 

Solution effectiveness can be maintained by titration 
measurements alone, allowing the calculation of concen- 
tration from which the regular acid additions may be 
computed. Therefore, no emphasis has been placed upon 


been 


resistance de 


t A complete technical specification of this apparatus is being ‘prepared by 
a subcommittee on ‘Production Spot Weld Quality Control Procedure’ under 
the chairmanship of G. W. Scott, Jr his specification including complete 
Armstrong 


details for duplicating the apparatus will be distributed by th 
Cork Co. to members of the Aircraft Welding Research Committ ce 
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pH determinations. The titration procedure first re- 
ported by Hess, Wyant and Averbach! was found 
sufficiently involved in practice so that it was thought 
worth while to develop a simplified method. Reference 
to the literature on hydrofluosilicic acid‘ has resulted in a 
more convenient procedure by which a complete titration 
from the production tank can be made in approximately 
10 min. The details of this method are presented in 
Appendix II. 


III. Results 


(a) Determination of Best Factory Procedure for 24- 


A le lad Alloy 


With the guidance of the laboratory procedures for 
hydrofluosilicic acid cleaning solution established at 
R.P.1.,' sufficient factory developmental work has been 
done at the Armstrong Cork Co. to determine what ap- 
pears to be the most suitable procedure for the use of this 
solution in actual production work. The details of this 
procedure together with methods of preparing, handling 
and control of the solution have been assembled as a pre- 
weld cleaning process specification which is presented in 
its entirety in Appendix III. The recommended proce- 
dure may be summarized as below: 

1. Immerse in alkaline degreaser for 5 min. 


2. Rinse for at least 5 min. in air-agitated hot water. 
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Fig. 4 


3. Immerse in 1.18% hydrofluosilicic acid solutior 
(with 0.1% wetting agent) for 10—12 min. all 
gages of 24-ST Alclad from 0.020 to 0.125 it 

4. Rinse for approximately 5 min. in air-agitate: 
water. 

5. Dry in air. 


The necessary developmental work has been carri 
out with test specimens in an actual factory tank regu 
larly maintained although not in production use at th 
particular point in the investigation. 

Determination of Factory Cleaning Curves.—Paralle! 
with and as an evaluation of the work described abov 
cleaning curves have been determined for all gages 0! 
ST Alclad and 61-SW alloys in use at the Armstrong ( 
Co. Figures | through 5 are cleaning curves for the new 
AN-A-13 Alcoa 24-ST Alclad alloy for solution conce' 
trations of approximately 1.189% by weight and | 
temperatures in the interval from 70 to 80° F. With th 
exception of 0.016-in. gage which should not be cle 
for more than 4 min., a satisfactory compromise cl 
ing time in production for minimum contact resistance is 
seen to be 10 to 12 min. Similar cleaning curves wit! 
somewhat lower solution concentrations but the s 
tank temperature for the old QQ-A-362 Alcoa 24-5! 
Alclad alloy in use at the time this investigation was 
gun are presented in Figs. 6 through 8. Examinat: 
shows the behavior in hydrofluosilicic acid of this all 
processed by the same company as that above but 
cording to an older specification, to be substantially th 
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Fig. 5 


me as that made according to the new specification. 
However, as may be seen from Fig. 9, the cleaning curve 
the 0.040-in. gage of 24-ST Alclad processed by a 
fferent company according to the new AN-A-13 speci 


cation is considerably different from the others. Ma- 
erial from all suppliers, however, has been found to 
reach a low contact resistance if sufficiently long im- 


times are employed; 10 to 12-min. intervals 
have been found suitable. The necessity for longer im- 
mersions im certain cases supports the belief! that in- 
msistencies are due to differences in heat treatment; 
however, the occurrence of such inconsistencies in stock 
is thick as 0.040 in. (see Fig. 9) indicates that it is per- 
haps a more complicated phenomenon than the diffusion 
f copper from the base metal through the cladding. The 
Alclad stock used for this investigation has been for the 
most part made according to the AN-A-13 specification, 
ind, so far as is known, has all been air heat treated. 
Optimum Immersion Time.—Figure 10 shows the 
minimum contact resistance possible plotted as a func- 
me of gage in inches for both the AN-A-13 and the QO- 
362 Alclad stock. The curves for the two materials 
ire very nearly identical and are similar in form, that is, 
show decreasing contact resistance with increasing thick- 
ness, to the corresponding curves obtained for a com- 
mercially available preweld cleaner.” The immersion 
times necessary to obtain minimum contact resistance 


lersion 


are plotted for both materials as-a function of thickness 
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in Fig. 11. Although the times for the AN-A-13 stock 
are seen to be somewhat longer than those required by 
the QQ-A-562 stock, the cleaning times for both ma 
terials are independent of thickness and fall between 6 
and 9 min., except for three of the thinner gages. Since 
the hydrofluosilicic ling solution is not critical in 
regard to over immersion except in the instance of certain 
thin the most satisfactory immersion range for 
production work has been chosen as 10 to 12 min. for 
gages from 0.020 to 0.125 in. Although immersion times 
between 6 and 9 min. yield the necessary minimum con 
tact resistances for average conditions, 10- to 12-min. 
immersions permit satisfactory cleaning of unusual stock 
such as illustrated in Fig. 9 and do not increase the 
tact resistance of the average material. Experience has 
shown that for production cleaning work a compromise 
immersion time interval covering all welded 
is more practical than individual times for different gages 
Fortunately, as is apparent from Figs. 2 through 5, this is 
possible with the hydrofluosilicic acid cleaning solu 
tion. 

Proper Rinsing Procedure.—In 
quantitatively the relative merits of 
final rinse, the data presented in Fig 
Each point on these curves is the av erage ol contact re 
sistance determinations from ten pairs of test specimens 
taken from the production tank on five different 
These measurements unquestionably show the cold rinse 
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to be superior, and subsequent production experience has 
in every instance supported this conclusion. 

Factory Holding Curves.—Another important aspect of 
the preweld cleaning problem is the ability of a cleaned 
aluminum surface to hold its low contact resistance upon 
exposure to a factory atmosphere. The curves in Fig. 15 
represent three sets of ten pairs of test specimens ex- 
posed to factory atmosphere for 100 hr. with contact 
resistance measurements taken at convenient intervals. 
The holding curve for hydrofluosilicie acid with a cold 
final rinse is very satisfactory. These curves further sup- 
port the contention already expressed® that the lower the 
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initial contact resistance the less difficulty there will be 
encountered with increase in resistance upon continued 
exposure of the aluminum surfaces to factory atmosphere. 
Consequently, a final hot rinse is disadvantageous not 
only from the point of view of poorer initial conditions 
but also because of the necessity of scheduling the weld- 
ing sooner after the cleaning. 

As a result of the satisfactory behavior described above 
of hydrofluosilicic acid cleaning solution in a factory tank 
for test specimens, it was recommended that the solu- 
tion be installed for an extended factory test as a pre- 
weld cleaner for Alclad 24-ST alloy. During the factory 
test the solution was used for regular production work 
but under the surveillance of the laboratory, so that 
weldability might be carefully correlated with contact 
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Factory Test for 24-ST Alclad Alloy 


In the factory test of a 1.18% by weight solution 
hydrofluosilicie acid with 0.1% by weight of wetting 
agent for preweld cleaning 24-ST Alclad aluminum 
alloy, a 1390-gal. wooden tank was chosen (10 ft. x 3 ft 
Unfortunately, accurate records of the volum« 
work cleaned in this tank have not been possible, but i! 
cleans material for ten spot-welding machines in full tim 
use three shifts per day, 6 days per week. 
tory test the solution has been in actual production us: 
for a period of about 6 mo., and as a result of this trial 
has been recommended for regular production use for t! 
preweld cleaning of 24-ST Alclad alloy at the Armstrong 
During the factory test the use of the solu- 
tion has been under the careful supervision of the labora 
tory in order to determine: 
minimum required routine production control, (3) neces 
sary tank maintenance, (4) methods of procuring, stor 
ing, handling and disposing of solution raw materials, 
satisfactory and practical factory cleaning procedur 
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ver-all weldability of production pieces cleaned in 
slution, (7) unexpected production difficulties and 
methods of overcoming them and (8) any other pertinent 
facts required in Appendix I. 

Hydrofluosilicic Acid Tank Life.—During the period 
of the factory test completely satisfactory production 
preweld cleaning was experienced with only two com- 
plete renewals of the solution. The first renewal was 
necessary after the solution had been in the factory for 
ipproximately 5 mo., during three of which it was in 
regular production use. Although it cannot be stated 
with complete certainty, the reason ascribed for the 
jailure of the solution to clean properly was neglect to 
maintain the required concentration (0.1% by weight) of 
the wetting agent, Nacconal NR. When the tank was 
completely renewed it performed with complete satis- 
faction for roughly 2 mo. at which time a white deposit 
appeared on the aluminum surfaces, which was difficult 
to remove and caused increased welding tip pickup. 
Although again the matter cannot be irrefutably proved, 
the appearance of the white deposit was attributed to the 
unauthorized stripping of the anodic film from a large 
area of aluminum alloy surface in the cleaning solution. 
When the tank was renewed it functioned properly and 
no further difficulty of this nature has been experienced. 
there has been no evidence of a spontaneous deteriora- 
tion in the effectiveness of the hydrofluosilicie acid clean- 
ing solution with continued production use for a period of 
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14 to 21 days as has been observed with a commercially 
available preweld cleaner. In fact, the hydrofluosilicic 
acid solution has been observed to perform satisfactorily 
over a sufficiently long period of time with regular addi 
tions of acid, so that, except for accidental situations as 
described above, a tank may be expected to clean properly 
for an indefinite period, or at least for several months.§ 
Cleaning Tank Records.—During the factory test very 
nearly complete daily records have been kept of (1) solu- 
tion concentration, (2) solution temperature and (3) 
contact resistance of test specimens cleaned in the solu 
tion. These records are presented in Table | and are 
plotted in Fig. 18 for convenient comparison. The 
concentration data were determined by means of the 
rapid titration method for hydrofluosilicic acid presented 
in Appendix Il. The regular additions of 27 to 30° acid 
solution necessary to maintain the concentration be 
tween the limits 1.15 to 1.230) by weight are listed in 
Table 1. These regular additions are required largely 
due to losses from evaporation and seepage through the 
wooden tank. The solution temperatures were deter 
mined simply by the immersion of a mercury thermom 
eter. The contact resistance points plotted in Fig. 1S are 
each the average of ten separate determinations on ten 
pairs of test specimens of 0.040-in. 24-ST Alclad alloy 
cleaned by the laboratory according to the procedure 


§ In regular production work with a full schedule of preweld 


hydrofluosilicic acid tank is renewed every 4 to 6 week 
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presented in Appendix III, but for an immersion in the 
hydrofluosilicic solution of 6'/2 min. Reference to Fig. 3 
will show that this immersion time is sufficient for 
minimum contact resistance in this instance. The con- 
tact resistance values recorded from August 15 through 
August 25, 1943, are high and erratic since the test 
specimens were chosen at random from stock furnished 
by more than one supplier with presumably different 
heat-treatment histories. At least certain of the speci- 
mens then in use were shown to require longer than 6'/» 
min. immersion for minimum contact resistance as is 
indicated in Fig. 9. Subsequent to August 25, 1943, uni- 
form test specimens have been used for routine produc- 
tion control contact resistance measurements, that is, 
0.040-in. AN-A-13 24-ST Alclad, which has been air 
heat treated. In the interval from November 22 through 


December 7, 1945, an improper final hot rins: 
ployed in the factory for reasons beyond con Th 
resultant poor cleaning is indicated in the dat 

as well as in inferior production welding. 

Although during the factory test daily conce: 
measurements have been made, only one or two jor wee! 
are probably necessary for regular production © pt; ay 
Further, temperature measurements are necess 
control of the solution only for extreme room t+ py) 
ture conditions. However, daily contact ; 
measurements as a production control are to bi 
recommended since they (1) indicate final effect; 
cleaning solution, (2) isolate preweld cleaning fro: 
in the event of inferior welding procedure and 
reliable indication of weldability of an aluminum 

Factory Handling of Hydrofluosilicic Acid. Sat; 
factory, safe and convenient “methods for pr 
storing, handling and disposing of the hydrofl i 
acid cleaning solution have been developed during th, 
course of the factory test. Commercial hydrofluvsilie; 
acid, 27 to 30% concentration by weight, is available ; 
liquid form in 50- to 60-gal. wooden barrels sealed with 
tar to prevent attack of the wood by the concentrat 
acid and seepage through the cracks. The barrels should 
be stored in a cool place out of direct sunlight where they 
can be sprayed with water at intervals since otherwis 
the barrel staves will shrink and the acid will leak 
lost. Although the raw commercial hydrofluosilici: 
contains up to 1% by weight of hydrofluoric acid 
impurity, it has not been thought worth while to obtain § 
chemically pure acid. 

The problem of disposal of the 1.18°% by weight sol 
tion in case a complete renewal of the tank is necessarn 
has been worked out in cooperation with the local sewag 
disposal plant. The 1590-gal. content of the tank has 
been trickled into the sewer over a period of 24 hr. with 
out the necessity of neutralizing the solution. No il! 
effects have been apparent from this method of disposal 
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The Table |—Factory Records of H,SiF, Preweld Cleaning Tank 
(Concentration 1.13°% to 1.23°%) 
Additions of Contact 
u Dat 27-30°, Concentration, Resistance, Temperature, 
wet 104 Acid © by Weight Microhms ; 
tre Ay 1.1] 35.9* 84.4 
be 10 68.0* 82 9 
10 50.5* 86.0 
O7 80.7* 79 
GH 17.9" 78 
O03 198.0* 78 
82 
ull | 
io 
76 
iv 
» 
= 30 60 Ib. 2 16.4 
23 17.6 
10 14.9 
OY 14.4 
5 31.7 
6 14.6 
13.3 
100 Ib. 0.99 13.8 
l 
1.0% 
18 1.18 
19 1.16 
20 1.14 
21 1.15 
22 1.09 
23 1.09 
25 1.05 
2b 130 Ib. 1.01 
27 1.18 
28 1.21 
29 1.24 
30 1.19 
Nov. 1] 1.22 
2 
3 1.13 
4 1.16 
5 1.15 
6 1.10 
\ 1.10 
15 4180 lb 1.24 10.2 66 
(new tank 
16 1.21 0.6 68.3 
17 1.16 99 5 70.7 
18 1.14 13.4 74.2 
19 1.13 29.6 75.7 
20 1.07 24.0 74 
22 1.08 23.8 76 
23 80 Ib 5§ 76 
2 1.23 59.38 76 
25 1.22 76 


FACTORY CLEANING ALUMINUM ALLOYS FOR SPOT-WELDING 


Additions of Contact 


Date. 27-3097, Concentration, Resistance, lemperature, 
1943 Acid ©) by Weight Microhm 
27 1.21 35.2$ if 
29 1.21 26.99 it 
30) 1.20 47 if 
Dec 1.18 144.38 
1.18 2.69 t 
l 14 5S 6§ 
6 1.10 74.98 
7 10 113.0 
65 Ib 9 7 
1) 20) 


6 2 
7 1.20 10.2 ; 
14.6 
10 19.6 () 
11 11.0 

12 60 Ib. 1.11] 13.4 

13 1.26 4 4 70) 
14 11.3 
15 1.20 18.9 70 


* Erratic values of contact resistance attributed to random 


choice of test specimens from more than one supplier 


+t Temperature records not available 
t Tank temporarily not in use 
§ Erratic high values of contact resistance attributed to use of 
final hot rinse 
** Personnel temporarily not available for measurements 


Precautions for handling the acid fall into two cate 
gories, that concerned with the bulk 27 to 30°7, acid and 
that concerned with the 1° solution. All the normal 
precautions in the handling of a strong acid should be 
followed in the former case such as rubber gloves, rubber 
apron and care against splashing. The actual transfer of 
the strong acid should be carried out with an acid-resist 
ing siphon. In the initial charging of the tank the acid 
should be transferred into a tank partially filled with 
water. For the regular additions, the acid should be 
siphoned into a suitable glass or stoneware receptack 
and poured into the tank. For the 1°) solution similar 
but less stringent precautions should be followed. The 
production operators should wear long rubber gloves, 
rubber aprons, and if there is danger of splashing also 
goggles. 
Advantages of 
Cleaner. 


Hydrofluosilicic Acid as a Preweld 
Although contact resistance measurements are 
considered a reliable guide to the spot weldability of an 
aluminum surface, final judgment on the suitability of 
hydrofluosilicic acid as a preweld cleaner for 24-S1 
Alclad alloys has been reserved until the termination of 
several months actual production use. Except for a few 
temporary difficulties discussed below, this solution has 
performed more satisfactorily in production for detailed 
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1] 1.18 13.8 75 
13 1.16 2 74 
14 1.14 13.9 
16 1.10 21.8 73 
17 60 Ib 1.20 13.5 73 Ee 
Is 1.22 17.0 73 
22 1.18 13.3 74.8 “a 
20 1.33 72.3 
24 1.06 76 
23 80 Ib 1.05 74.7 
28 1.19 74.6 
29 1.22 74.5 
30 1.19 8 723 
31 1.16 75.4 
1944 
Jan ] 1.16 74 4 
3 1.07 12.2 71 
80 Ib. 1.05 20) {) io 
es 
» 
vi ae 
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preweld cleaning at the Armstron, Cork Co. then other previously been done with this alloy. When 
commercially available solutions previously used. The curves were attempted for 0.025-, 0.032- and () 


particular advantages of the hydrofluosilicic acid solu- 61-SW alloy with 1.18% by weight hydrofluosilicic <),, Table 
tion are: tion and with final air and towel drying, the co: 
1. Low cost raw materials. sistance values were so very high and erratic that 
2. Simply compounded by user, thereby insuring tion of this concentration was judged not satis! 
uniformity. ; P It has not been thought worth while to reprodu: 
3. Operation at room temperature increases con- cleaning curves here. However, 
venience and decreases cost since ventilation ™e subsequently from the production tank at th: 
and temperature control equipment are not What reduced concentration of 1.07% for 0.025-i: 
necessary. and 1.14% for 0.032- and 0.040-in. alloy. These 
4. Solution effectiveness does not spontaneously de- considerably more promise and are plotted in Fi 
teriorate with use; additions necessary merely 1° and 16. The dashed curves in these same figur 
to maintain concentration level changed because determined ‘Porn a small quantity of the tank s 
of evaporation, seepage, and drag out.** diluted to 0.80% by weight and are seen to rey ax 
5. Simple air drying possible without staining. satistactory preweld cleaning for these gages of 61-S\\ 
6. Number of welds between tip cleanings increased all vy. The dotted curve in Fig. 15 is for 0.032 om. 
100% over number possible with other cleaners t-ST determined under the same conditions, and 
used in production. seen to be satisfactory. As further corroboration 0 
results fresh laboratory experimental solutions of hy 
Difficulties Expertenced in Production with Hydro-  f\yosilicic acid were prepared from which th 
fluosilicic Acid.—During the course of the factory test a plotted in Fig. 17 were determined. From these dat 
few unexpected difficulties have been encountered, all of — evident that concentrations from 0.50 to 0.75% by w: 
which, however, have been successfully overcome. When are satisfactory for 0.040-in. 61-SW and 0.032-in 
a laboratory beaker solution of hydrofluosilicic acid is S§T Alclad alloys. However, it should be pointe 
prepared or a fresh solution is installed in a production that at these low concentrations the water temper 
tank, a black smut appears on a 24-ST Alclad aluminum — should not be allowed to fall below 65° F.; that 
surface immersed in the solution. Careful examination winter in preparing a fresh tank the acid should 
shows the smut to be densest along the exposed edge of diluted with a mixture of hot and cold water. (t 
base metal. Experiments with bare 24-ST alloy result wise, high contact resistance values will result ‘7 
in a much heavier smut deposit than is the case with porarily. Additional work has shown this range oi + ( 
Alclad material, indicating that probably the bare 24- tion concentration to clean the 0.025- and 0.032-in ud 
ST alloy is causing the trouble. Since the black smut is SW alloy properly as well, provided in all cases a 
easily rinsed off the surface, it is not an unsurmountable agitated cold rinse is employed and the same gene: 
difficulty but does add to the cost of the preweld clean- cleaning procedure followed as presented for 24-5! 
ing operation. However, the black smut ceases to occur Alclad alloys in Appendix III. Furthermore, a r 
after a fresh solution has been in use a relatively short reduction in the concentration of the production pri pees 
time. Since our experience indicates that the hydro-  ¢leaning tank for 24-ST Alclad alloy to the inter NU 
fluosilicic acid solution does not rapidly deteriorate with (50 to 0.70% by weight has proved satisfactory fo1 in a 
continued use, a fresh tank is installed only very in- 24-ST Alclad gages and perhaps even more consist tain 
frequently so that the black smut causes very little prac- than the 1.18% by weight solution. The details oi is t 
tical difficulty. , change will be elaborated in Section IV. leve 
Some trouble has been experienced with a white de- A 0.50 to 0.70% by weight solution of hydrofluosili lak 
posit appearing on the aluminum surface, which caused a acid has been recommended for a factory test in weldii app 
sufficient increase in tip pickup to warrant completely 6 |-SW alloy at the Armstrong Cork Co. when prop: resi: 
renewing the production solution. Although it cannot be rinsing facilities have been installed. Although th me 
stated with complete certainty, this difficulty may have  tgils of this test are of course not available for this r: C 
been brought about by the fact that an unauthorized _ port, it is confidently expected that the results in prod ot t 
stripping of a large surface area of anodized aluminum will be satisfactory. 
alloy was carried out in the tank. pro 
As is well illustrated in Fig. 12 and in the contact re- mat 
sistance data from November 23 to December 7, 1943, IV. Addenda, Including Results from Assembly sist 
Table 1 and Fig. 18, a hot final rinse is not satisfactory Cleaning Work ind 
with hydrofluosilicic acid. In fact, the solution was not ana 
completely reliable in production use until an agitated As a result of the developmental work described she 
hot rinse between degreaser and cleaner and an agitated Section III (c), to adapt hydrofluosilicic acid to prew iSS 
final cold rinse were installed. In only one instance has’ cleaning 61-SW aluminum alloy, solution concentrati pat 
the hydrofluosilicic acid failed to do a satisfactory clean- in the range 0.5 to 0.7", by weight have been found to cal 
ing job. This was the case of some very badly stained satisfactory not only for cleaning the 61-SW alloy but Ci 
fuselage panel skins. However, another commercially for the 24-ST Alclad alloy as well. Consequentl) ing 
available preweld cleaner available at the Armstrong concentration of the production cleaning tank has b sch 
Cork Co. was tried for this particular lot of skins but reduced to this range and the pertinent factory 1 Ing 
without success. Wire brushing was required to reduce records are presented in Table 2. A solution in this eX] 
the surfaces to a weldable condition. duced concentration range has been found to clean 24 
ee ‘Alclad alloy more consistently and reliably than a 
(c) Adaptation of Hydrofluosilicic Acid to 61-SW Alloy — tion in the range 1.13 to 1.23°% by weight hydrofluosi 
In examining the suitability of hydrofluosificic acid as a acid. Furthermore, it is confidently expected that 
preweld cleaner for 61-SW aluminum alloy it was neces- Same solution, in the reduced concentration range, 
sary to start with Step | of the procedure outlined in clean both 61-5W_ and 24-ST Alclad alloys when Wit 
Appendix I and continue as indicated since no work had factory test is initiated shortly at the Armstrong ( Ak 
Co. for the 61-SW alloy. clu 
** In regular production work with a full schedule of preweld cleaning, the % 


hydrofluosilicic acid tank is renewed every 4 to 6 weeks It will be observed from Table 2 that the tank | 
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Table 2—Factory Records of H.SiF’; Preweld Cleaning Tank 
at Reduced Concentration 


(Concentration 0.5% to 0.7% 


Additions of Contact 
27-30% Concentration, Resistance, Temperature, 
Acid “> by Weight Microhms eS 
270 Ib. 0.73 56 
(new tank 
0.70 63* 
0.68 l 
0.66 
0.65 
0.63 
0 
0 
0.5 
0.5 
0.5! 
0.5 


SS yt 
& 


bo bo bo 


50 Ib 


SI 


Tank temperature too low. 
+ Contact resistance measurement taken immediately after acid 
addition was made to tank. 


perature should be at least 65° F., but preferably below 
\0° F., if minimum contact resistances are to be obtained 
in a reasonable immersion time. The procedure in ob- 
taining the contact resistance data in Table 2 is the same 
is that for Table 1. Furthermore, the contact resistance 
level in Table 2 is seen to be somewhat lower than in 
lable 1. This is due to the fact that a systematic error of 
ipproximately 7 microhms was discovered in the contact 
resistance measuring equipment, which affects all the 
previous data of this report. 

Considerable work has been done on the application 
of the 0.5 to 0.70% by weight hydrofluosilicic acid solu- 
tion to assembly cleaning both test specimens and 
production pieces of 24-ST Alclad alloy. The cleaned 
material has been welded, subsequent to contact re- 
sistance measurements in the case of the test specimens, 

id the resulting welds subjected to a careful X-ray 
analysis to reveal defects and pull tests to determine 
shear strength level. When the results from detail and 
assembly cleaning were compared for several fuselage 
panels, the quality of the welds were very nearly identi- 
cal. Therefore 0.5 to 0.7°% by weight hydrofluosilicic 
acid is to be considered satisfactory for assembly clean- 
ing in production. An extended factory test has been 
scheduled at the Armstrong Cork Co. for assembly clean- 
ing 24-ST Alclad parts, in order to determine any un- 
expected production difficulties. 


V. Summary and Conclusions 


As a result of work done at the Armstrong Cork Co. 
with hydrofluosilicic acid as a preweld cleaner for 24-ST 
Alclad and 61-SW aluminum alloys, the following con- 
clusions may be stated: 


| 


A procedure for the satisfactory use of a 1.18% 


by weight solution of hydrofluosilicic acid with 0.1% 
by weight of a wetting agent (Nacconal NR) as a preweld 
cleaner for 24-ST aluminum alloy has been developed in a 
factory test extending over a period of approximately 
mo. 

2. Safe and convenient methods for procuring, 
storing, handling and disposing of the hydrofluosilicic 
acid have been developed. 

3. The particular advantages of the hydrofluosilicic 
acid cleaning solution evident from this factory test are 


a) Low cost of raw materials. 

6b) Simply compounded by user, thereby ensuring 
uniformity. 

Operation at room temperature increases con 
venience and lowers cost since ventilation and 
temperature control equipment are not neces 
Sary. 

(d) Solution effectiveness does not spontaneously de 
teriorate with use; additions necessary merely 
to maintain concentration level changed be 
cause of evaporation, seepage and drag out tf? 

(e) Simple air drying possible without staining. 

f) Number of welds between tip cleanings increased 
100°% over number possible with other cleaners 
used in production. 


4. Although during the course of the factory test 
trouble was experienced with (a) a black smut, (/) failure 
to clean badly stained surfaces, (c) a white deposit, (d) 
improper rinsing, each of these difficulties has been suc- 
cessfully overcome, or as in the case of (0) shown im- 
possible. 

5. Contact resistance measurements, as a routine 
production control, have served as a reliable guide to the 
weldability of aluminum alloy surfaces cleaned in the 
hydrofluosilicic acid solution. 

6. <A simplified and reliable procedure for titrating 
hydrofluosilicie acid to determine concentration has been 
developed. 

7. Daily contact resistance measurements to insure 
solution effectiveness and weekly concentration measure 
ments to determine additions are recommended as regular 
production control for the hydrofluosilicic acid solution. 

S. Except for accidents, the normal life of a produc 
tion solution of hydrofluosilicic acid maintained by regu- 
lar acid additions is apparently unlimited, or at least 4 to 
weeks. 

9. It is necessary to insure that the temperature of 
the factory solution of hydrofluosilicic acid be in excess of 
65° F. but preferably below 80° F. 

10. An agitated hot rinse between degreaser and etch 
and an agitated cold final rinse are necessary for success 
ful use of hydrofluosilicic acid in production. 

ll. A 1.18% by weight solution of hydrofluosilicic 
acid was found not suited as a preweld cleaner for 61 
SW aluminum alloy. 

12. Laboratory work has shown a solution of hydro 
fluosilicic acid in the range 0.5 to 0.7°% by weight neces 
sary to clean 61-SW alloy properly; further, such a solu 
tion was found satisfactory for 24-ST Alclad alloy. 

13. <A factory test has been recommended for 0.5 to 
0.70% hydrofluosilicic acid with 61-SW alloy; several 
months use of such a solution in production for 24-ST 
Alclad alloys has shown it to be more consistent and re 
liable as a preweld cleaner than the 1.18 9, by weight 
solution; in addition it represents a cost reduction of 
approximately 100%. 

to 0.7%% solution of hydrofluosilicic acid has 
been shown satisfactory for the assembly cleaning of 
fuselage panels. 


ttiIn regular production work with a full schedule of prewe 
hydrofluosilicic acid tank is renewed every 4 to 6 week 


FACTORY CLEANING ALUMINUM ALLOYS FOR SPOT-WELDING 


ier 
Ing 
au 
; 
Teas 
pat 
M44 
‘ 
Fel 
{ 
- 
) 
0.53 1.3 70 
‘ 0.51 6.2 70 
+ wre 
0.49 3.9 
14 0.48 29 3T 
ul 15 0.59 10.5 
17 0.56 12.6 9 
is 0.56 16.0 70 
19 8.7 70 
ry a5 
5 
ent 
Val 
il 
1] 
eld 
he 
| 
eet 
l 
4 
1944 451-: 


Appendix I 


Laboratory Examination and Factory Test of a 
Preweld Cleaner 


|. Take cleaning curves (in a laboratory beaker solu- 
tion) for aluminum alloys, such as 24-ST Alclad and 61- 
SW, to be welded. This should be done at least for 
0.016-in., 0.032-in., 0.072-in. and 0.125-in. gages. 

Check: 


(a) Consistency of contact resistance. 

(b) Criticalness to over immersion. 

c) Range of minimum resistance. 

(d) Optimum immersion times for 
sistance. 


minimum re 


2. Check weldability of material for optimum clean 
ing and for contact resistances, deliberately made high. 


(a) Make a spot-weld consistency test, preparing 
radiographs of all samples, both at minimum 
resistance and at high resistance. 

(b) Determine the extent of tip pickup both at mini 
mum and high resistance. 


3. Make holding curves (i.e., contact resistance vs. 
time of exposure to atmosphere) for clean laboratory 
conditions and particularly for factory conditions. 


(a) Check weldability after resistance has become 
high. 

1. Determine the life and economy of 
cleaner as far as possible in the laboratory. 

5. Choose a chemical test as a means of routine solu 
tion control, and determine a simplified test procedure. 

6. Investigate any handling, storage or disposal 
difficulties, fire or health hazards, or bad odors associated 
with the solution. 

7. Determine type of tank and special equipment 
needed for handling the solution. 

S. If items 1 through 7 warrant, a factory test in 
actual production shall be carried out under the guidance 
of the laboratory. This test shall include the following: 


use of the 


(a) Determination of cleaning curves from production 
tank for all gages of aluminum alloys to be 
welded. 

(b) Selection of optimum immersion time or times for 
production preweld cleaning. 

(c) Determination of validity of routine chemical 
tests for maintaining solution concentration or 
pH, and routine contact resistance check for 
insuring continued effectiveness of the solution. 

(7?) Determination of most effective methods of de- 
greasing, rinsing and drying, so that a fixed 
production procedure may be prescribed. 

(e) Check on weldability and extent of tip pickup 
associated with solution under less exact pro- 
duction treatment, both for samples and pro- 
duction pieces. 

(f) Investigation of the response of the solution to 
rejuvenation and the frequency with which 
additions must be made to maintain solution 
concentration. 

(g) Determination of solution life between complete 
renewals for normal production- volume of 
cleaning in tank. 

(h) Check on any unforseeable difficulties, such as 
deposit of smut or failure to remove stains, that 
may limit usefulness of solution in actual pro- 
duction. 
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Appendix II 


Titration of Hydrofluosilicic Acid 


Determine the specific gravity of the hydrofly ic 
acid sample in order to calculate the weight of th, ub 
sequently measured amount. Into a 250-ml. Erle; er 
flask, measure exactly 10 ml. of about 1.2°% hydrfy, 
silicic acid, i.e., from the production cleaning ta: 
exactly 50 ml. of 95% ethyl alcohol. Add about 
of 2°¢ aqueous potassium chloride solution and 3 d; 
methyl red solution. 

Titrate with a 0.1 .V solution of KOH to the fi; 
pearance of a canary-yellow. The normality of the KOH 
solution is determined by titration against a sta 
ized 0.1 N solution of HCl, using methyl red as ind 
and titrating to the same end point as taken in th 
tion of hydrofluosilicie acid. The color of the indicato; 
changes from red to yellow through various shad 
orange and orange-vellow to a clear yellow durin; 
titration. 

The following reactions take place: 

HoSiF,s + 2KC]l — K,SiF, 
2HCl + 2KOH — 2KCl 

The hydrochloric acid freed by the addition of 
sium chloride is titrated. The addition of ethyl aleoho 
serves to suppress the hydrolysis of KoSiFs. Do not sins. 
down the sides of the flask with water, as this 
lower the needed alcohol concentration. 

A blank has to be run for every new batch of ak 
being used. For this replace the hydrofluosilici: 
with 10 ml. of tap water. 

The per cent hydrofluosilicic acid is calculat 
follows: 


(ml. KOH — blank) X N X 0.072 


HoSiFy 
10 X sp. gr. 


Appendix III 


Armstrong Cork Co. Preweld Cleaning Process 
Specification 


Subject: 


Cleaning Prior to Spot Welding —Hydrofluosilicic A 


Materials: 


Alkaline cleaner 

Preweld etchant (hydrofluosilicic acid) 

Nacconol NR flakes—wetting agent 

Equipment: 
Tank No. 6, Alkaline cleaner 3 ft. x 12 ft. x 5 ft. 6 in 
1390 gal.) 

Tank No. 7, Hot water, agitated, 3 ft. x 12 ft. x 5 it. 6 
in. (1390 gal.) 

Tank No. 8, Hydrofluosilicic Acid Etching Solut: 
3 ft.x 12 ft. x 5 ft. 6in. (1390 gal.) 

Tank No. 9, Cold water, agitated, 3 ft. x 12 ft. x 
6 in. (1390 gal.) 


Preparation of Solution: 


Tank No. 6, Alkaline Cleaner—340 Ib. 


Water to bring liquid level to overtiow 
trough 
Tank No. 8, 480 Ib. hydrofluosilicic acid as recet 
11.5 lb. Nacconol NR Flakes 
Water to bring liquid level 4 in. from 
of tank 
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Using a bucket (or any suitable container) and hot 
er. put alkaline cleaner into solution before adding it 
x tank. Never add solid material directly to water 
‘) the tank and make sure the tank water is at operating 
emperature before adding dissolved cleaner. 
"Since hydrofluosilicic acid is purchased as a liquid, it 
ay added directly to the tank, but the tank should 
stirred thoroughly while adding concentrated acid 
ind belore use. 

All materials shall be weighed on a scale. (Use noth- 
ng but wooden container for measuring hydrcfluosilicic 


cid 


Control of Tanks: 


lank No. 6 


a} Temperature of solution shall be controlled to 
7) + 10° F., with the automatic steam regulator. 

») Solution shall be constantly air agitated to main- 
‘ain a small amount of suds over the surface of the liquid. 

Scum and dirt accumulating on the surface of the 
liquid shall be removed by overflowing the tank upon 
lirection of the Process Supervisor. 

Each Monday and Thursday, a sample (approxt- 
mately 4 oz.) of the solution shall be submitted to the 
General Chemical Section of laboratory by the Process 
Supervisor for concentration determination and the cal- 
ulation for upkeep. Before sampling, the liquid level 
shall be as specified above (to the point of overflowing) 
nd the solution shall be thoroughly agitated. 

e) Immediately upon completion of the semiweekly 
ests, the Process Supervisor shall be informed by the 
laboratory of additions necessary to correct the concen- 
tration to 4 oz. per gallon. Additions shall be made in 
the same manner as for preparation of solution by direc- 
tion of the Process Supervisor. All material added shall 
« weighed on a scale. 

f) Time and method for any solution disposal or 
hange in the outlined control schedule shall be desig- 
nated by the Aircraft Chemist upon approval by the 
laboratory Section Head in charge of Industrial Waste, 
following the request of the Process Supervisor, and/or 
when indicated by the chemical and contact resistance 
tests. Disposals are to be under the direction of the 
Process Supervisor, 


lank No. 8 

The solution shall not be heated and shall be at 
room temperature. 

The solution shall be stirred at least once every 
‘ hr. by inserting a rubber hose, connected to a com- 
pressed air outlet, into the tank. No metal other than 
uminum should be put into the tank, so no hose nozzle 
shall be used. 

Each day, except Sunday, between 7:00 A.M. and 
5:00 A.M., a sample (approximately 4 0z.) of the solution 
shall be taken for submission to the General Chemical 
Section of the laboratory by the Process Supervisor (or 
person designated by him) for concentration determina 
tion and calculation of the upkeep correction. The 
sample shall be taken only after the solution level 1s 
idjusted to 4 in. from the top of the tank and after the 
solution itself is thoroughly agitated. The General 
Chemical Section of the laboratory shall analyze the daily 
sample and shall advise the Process Supervisor of the 
i\ddition of acid necessary to maintain the concentration 
ol the solution within the range 1.10 to 1.25%. 


lanks No.7 and 9 


a) The flow of water in each tank shall be regulated 
by the Process Supervisor depending upon the amount of 
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material being cleaned. The water circulation shall be 
sufficient to maintain a clear surface at all times. 

b) Tank No.7 (hot water) shall be maintained within 
the temperature range specified for the alkaline cleaner, 
170+ 10° F.; and shall be continuously agitated. 

(c) Tank No. 9 (cold water) shall not be heated, but 
shall be continuously agitated. 

Control of Process: (In addition to controls listed for each 
tank 

Each day between 8:00 A.m., and 12:00 noon, except 
Sunday, 20 pieces of 0.040-1n. 24-ST alloy shall be cleaned 
by a member of the laboratory staff in the regular pro 
duction tanks, according to the outlined procedure, and 
the contact resistances determined and averaged. Re 
sults of these tests shall be recorded on the laboratory 
memo report form, circulated and used as a basis for tank 
disposals, changes and evaluation of solution effective 
ness. 

Cleaning Procedure: 

Step No. 1 (Precleaning) 

Remove all visible dirt (grease, dust, ink, crayon 
marks) by wetting the parts in the alkaline cleaner (Tank 


No. 6), then rubbing with brushes as the parts are re sted 
on the edges or across the tank. 


Caution: Perform brushing as quickly as possible and 
reimmerse parts before cleaner can dry on the surface. 


Step No. ? (Cleaner Soaking 

Leave parts in the alkaline cleaner for 4 to 5 min 
This soaking is without handling or agitation except that 
provided by the air agitator. 


Step No. 3 (Cleaner Washing 

Immediately, without allowing time for the alkaline 
cleaner to dry on the surface, remove parts from Tank No. 
6, and immerse them in the air-agitated hot water of Tank 
No. 7 for no less than 5 min. 


Step No. 4 (Etch 

Immerse parts in Tank No. 8 (hydrofluosilicic acid 
solution) for 10 to 12 min. for all gages but 0.016 which 
must be etched for only 3'/2 min. Timer shall be set for 


10 min. 
Steb No. 5 
Immediately, before the etching solution has been 


allowed to dry, rinse the parts in the air-agitated cold 
water of Tank No. 9 for approximately 5 min. 


Step No. 6 (Drying) 

Place parts in a clean location and allow them to dry 
in air without unnecessary handling and before moving 
them to a new station. Wear rubber gloves when mov 
ing wet parts. 


Health Hazards: 

1. Hydrofluosilicic acid etching solution (Tank No. 8 
while cold is still an acid. Avoid prolonged contact with 
the skin and splashing on face or clothing. Wear rubber 
gauntlet gloves and rubber apron. When preparing the 
solution or making additions to it, wear goggles to protect 
the eves also. 
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Coordination of Research and Testing 
Activities in the Aircratt Industry 


By Maurice Nelles* 


URING the summer of 1940 it became obvious 
that aircraft were the most important war 
machines that would be used in the European 

war and that American aircraft manufacturers would 
have to increase their production many times to fill the 
needs of our Lend-Lease Program. The activity which 
has followed made it necessary to increase the research 
and testing activities in an almost direct proportion to 
the required increase in production. The purpose of 
this paper is to describe the coordination of these activities 
to eliminate duplication, to most effectively utilize 
existing facilities and personnel and to obtain answers 
to problems quickly and accurately. 

In order to have an appreciation of the problem of 
coordinating the research activities of the industry it 
will be necessary to describe the nature of the research 
activity which was and is under way in the industry. 
For the purpose of illustration, the research activities 
have been broken down into ten categories as follows: 

1. Aerodynamic Research.—This includes wind-tunnel 
experiments and research on the shape and character- 
istics of the external surfaces of the airplane. It also 
concerns the estimation of performance of new airplanes 
as a result of measurements in the tunnel with powered 
models. The study of the flutter and vibrational char- 
acteristics of the airplane and its components forms part 
of the activities of many aerodynamic research groups. 

2. Structural Research.—This includes work to obtain 
tensile, compression, fatigue and impact strength data on 
aircraft components, joints and materials and the 
creation of components which will be stronger and weigh 
less than those which are available. Usually structural 
research groups determine the static strength of a new 
airplane but they are not responsible for the flight test- 
ing of airplanes. The development of fastening devices 
forms an important part of the work of Structural Re- 
search. 

3. Production Research.—This activity includes the 
development of new methods of forming sheet metal 
parts, the simplification of methods of tooling, the im- 
provement of methods of riveting, welding, machining 
and wood working and the development of new types of 
fixtures. This type of research has played an important 
part in increasing production rates and decreasing pro- 
duction costs. 

4. Mechanical Research.—This activity covers the 
development of supercharging equipment, air con- 
ditioning equipment, mechanical controls, regulators, 
pumps, valves, heaters and certain types of instruments. 
Considerable time is spent in making the qperation of 
these items more effective at low temperatures and high 
altitudes and under sudden changes of temperature and 
pressure such as are experienced in dives from high 
altitudes. 


* Chief, Industrial Processes Branch, O.P.R.D., War Preduction Board 
Washington, D. C 


5. Hydraulic Research.—Retractable landing 
and some control surfaces are usually operated hydrau! 
ically. Because of the tremendous importance of thes 
items, research on hydraulic pumps, motors, valves, 
boosters, etc., has been given extensive attention. |; 
some instances complete hydraulic mock-ups of new air 
planes have been made to develop the component parts 
so they will function faultlessly over the expected Ii/\ 
the airplane. 

6. Electrical Research.—Research on relays, lighting 
equipment, power generating equipment, starters, light 
weight motors and navigation and radio equipment has 
progressed rapidly in the past and will continue. |: 
addition the use of electricity for moving control sur 
faces and automatically maintaining engine and oil 
temperatures has stimulated electrical research activities 
Electrical instrumentation on the airplane and in co: 
nection with other aircraft research has formed an in 
portant part of electrical research group activity. 

7. Armament Research.—This activity covers thie 
adaptation of new devices to aircraft and the develo 
ment of accessory devices and controls. The develoy 
ment of armor installations and combinations for pro 
tecting the pilot and vital areas of the airplane form part 
of the work under this category. 

8. Chemical Research.—This type of research is con 
ducted to find more suitable adhesives, cleaners, paints, 
plating solutions, etchants, pickling solutions, hydrauli 
fluids, ete. The development of plastic materials in som 
instances is considered part of chemical research by som: 
aircraft companies. The compounding of a satisfactory) 
material to seal integral fuel tanks has been a particularly 
important chemical problem and a special group has 
been established to coordinate work on this problem 

9. Metallurgical Research.—The development of cast 
ing techniques for metals and the improvement of metals 
in order to make them stronger or more easily manipu 
lated in production are the main objects of metallur 
gical research. Other important activities include th 
development of heat-treating processes and methods o! 
treating metals to minimize corrosion and obtain the 
most desired strength properties. 

10. Aero-Medical Research—This research 
the reaction of people to changes in temperature pressure, 
humidity and air composition. The development 0! 
devices for the health and safety of personnel in au 
craft is an important part of aero-medical research. 

There are other types of research which have not been 
listed such as engine research, and research on propellers 
These ordinarily are not covered by airplane manu 
facturers but are carried out by associated companics 
or the engine and propeller manufacturers are relicd 
upon for this research. 

The first organized attempt to coordinate airc! 
research was through the Aeronautical Chamber ©! 
Commerce. 
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snce }91S8 and functioned primarily to promote trade 
put in 1940 a technical department was established to 
represent the industry before governmental groups such 
ss the Civil Aeronautics Authority. The membership 
the Chamber included most of the major aircraft 
manuiacturers as well as engine, propeller and accessory 
manulacturers. 

[t was necessary that the coordination activities of the 
Chamber be cautious because research and development 
lata were at that time considered secret or confidential 
and the possibility of even letting a competitor know 
that certain experiments had been made was considered 
unwise, so the whole activity was placed on a voluntary 
basis. The scheme which was followed was that com- 
ganies that had research or test reports which they felt 
would be of interest to other companies and which they 
were willing to exchange for reports of approximately 
equal value, would list the reports with the Chamber. 
lhe Chamber would then publish lists of these reports 
and give each report a code number so that the identity 
he lister would not be known. Upon receipt of the 
list the receiver would request the Chamber to forward 
their request for certain reports to the lister, after which 
the barter took place between the two companies. 

One of the important results of this arrangement was 
the indisputable proof that much of the research and 
testing which had been conducted by airframe manu- 
facturers was pure duplication. A second important re- 
sult was that aircraft executives were made to realize 
that much of the research which had been under way was 
needed by all companies and was obtained by all the 
companies and that the possibility existed that this re 
search could be done cooperatively for the benefit of 
the individual con panies and for the benefit of the 1n- 
lustry. Actually plans were being considered for a 
cooperative laboratory when our entrance into the war 
necessitated changes 1n plans. 

In April 1942 the presidents of the aircraft companies 
in Southern California had met and created the Aircraft 
War Production Council to facilitate cooperation among 
member companies to do more—faster—-with less. One 
of the chief aims of the arrangement was to exchange or 
loan materials and parts for it was at a time when dis- 
tribution was not smoothly worked out. Another was 
to exhange technical data and “‘know how’’ for it was 
realized that for some time there would be but one 
customer—the Government. The step taken by the 
presidents of the aircraft companies of Southern Cali 
fornia showed a true sense of patriotism and a spirit of 
cooperation which is so prevalent in the West. 

The Council is a nonprofit corporation in which each 
member company maintains its own identity. The 
Council, though regional in nature, projects its work 
nationally through active cooperation with the Aircraft 
War Production Council, East Coast, the Automotive 
Council for War Production and the National Aircraft 
War Production Council. 

The presidents of the member companies have directed 
that “ . . . committees shall be free to interchange all 
information which will help the war production of the 
company receiving the information, without regard to 
protection of manufacturing processes which in normal 
peacetimes might be regarded as secret. This informa- 
tion shall be available not only to Council mem bers but 
to manufacturers and government agencies outside of the 
Council in exactly the same manner as the information is 
interchanged among Council members.” 

\ group of committees composed of vice-presidents 
or other high executives was formed to carry out the 
plans outlined by the presidents. The chairmanship 
of all committees rotates among the members from the 
different member companies. The two committees of 


1 
of t 


most interest in this discussion are the Committee on 
Engineering which is composed of the Vice-Presidents 
in Charge of Engineering, and the Committee on Pro 
duction which is composed of Vice-Presidents in Charge 
of Production. The latter has been active in certain 
phases of production research such as forming sheet 
metal and mulling ferrous and light alloys but the En 
gineering Committee carried out the bulk of the ex 
change of technical data. This discussion of Aircraft 
War Production Council activities will be limited to the 
Engineering Committee activities and the activities of 
its subgroup—the Research and Testing Panel 

One of the first acts of the Engineering Con mittee 
was to arrange for each company to prepare lists and 
abstracts of all technical reports which would be of any 
possible interest to other member coir panies Phe 
title, date, company and abstract for each report was 
transcribed by the Council Staff on library index cards, 
which were then distributed to member companies. 
Kach company may have as many cards on each report 
as they wish. Usually six are requested. One is placed 
under the name of the company originating the report, 
one in the subject index in the library, one is circulated 
to personnel concerned with the subject and three are 
used for cross-indexing purposes by the library or sent 
to other plants of the company. To date approximately 
9000 reports have been exchanged. If at any time any 
responsible person in any of the plants wants a report 
described on the index cards, he may obtain it through 
someone designated by the Vice-President in Charge ol 
Engineering. Sometimes the report is requested on loan 
and sometimes for keeping permanently, depending on 
the particular case. In all cases the reports are con 
sidered confidential by the receiving company and it has 
been agreed they will not be released in whole or in part 
without the written consent of the originator If the 
report describes material which is considered to be dis 
closing something which has been patented or for which 
patents are pending, notice is given in the letter of trans 
mittal or on the report. 

At the start the exchange of data was made by mail 
It was later realized that often data are needed without 
delay. To accomplish this the Council established a 
messenger route between Council headquarters and the 
member companies in the Los Angeles area. This route 
also included the Los Angeles Public Library and the 
Cahiornia Institute of Technology 

The Council staff publishes a monthly bulletin called 
‘“Warplane Production” in which reports of general 
interest, which are not confidential for security reasons, 
are listed and abstracted. This bulletin is given wide 
circulation to a long list of companies. Companies 
wishing the reports may have them on request if they 
have a legitimate interest in the subject matter. No 
charges of any kind are made for these reports nor is the 
company in any way obligated. 

Under the A.W.P.C. arrangement no attempt is made 
to have an equitable exchange of reports The lists are 
prepared monthly or bimonthly and about a third to a 
half are imirediately requested by someone. Complete 
sets of the abstract cards have been furnished to the 
men bers oi the A.W.P.C. East Coast and to the National 
Advisory Committee for Aeronautics. The East Coast 
Aircraft Companies have reciprocated. 

A second coordinating function performed by the 
Engineering Committee was that of arranging inter. plant 
visits of research and technical personnel to discuss 
problems. One of the best results of this was that 
specialized personnel in the different plants soon learned 
to know each other by their first names and were able 
to discuss their work informally. Once the depart 
ment heads, division heads and research engineers found 
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the policy of exchanging information was serious, the 
exchange took place at an immeasurable rate. 

A third coordinating function of the Engineering Com- 
mittee was the sponsorship of a cooperative technical 
library. This library furnishes library index cards con- 
taining abstracts of journal articles of particular in- 
terest to the aircraft industry, to member companies 
and others. It also serves as a source of books and 
journals which are only occasionally referred to. This 
library makes many purchases of books and journals 
and many publications are given to it by member com- 
panies who have duplicates or do not wish to have a 
large collection of their own. 

To exchange data and cooperate in the manner just 
described was a long step toward complete cooperation. 
However, before cooperation would be complete it was 
necessary to exchange lists of research projects under 
way or planned and to allot problems to various mem- 
bers. To achieve this end the Engineering Committee 
established a subgroup which was named the Research 
and Testing Panel which was composed of research 
executives or their assistants. This group meets weekly 
or biweekly. It assemblesa list of active research projects 
bimonthly and the list sometimes contains over 400 
active projects. The list serves two purposes—first, 
it gives an indication of what work is under way so 
that similar work will not be started: and second, it 
enables the research personnel in the Council to make 
suggestions or comments on the work if they know 
of data which have not been called to the attention 
of the laboratory which is doing the work. A copy of 
the list of categories under which the projects are tabu- 
lated is as follows: 


Material Investigations: 
1. Metals 

2. Plastics 

3. Lubricants 

4. Miscellaneous 


Manufacturing Investigations: 
1. Cementing 
2. Sealing 
3. Finishing and Coatings 
4. Welding and Brazing 
5. Metal Forming 
6. Plastic Working 
Riveting 
8. Methods of Inspection 
9. Miscellaneous Tooling 


Test Instruments and Equipment: 
|. Electronic Test Equipment 
2. Mechanical Test Equipment 
Structural Investigations: 
1. Structural Testing and Research 
2. Fatigue and Vibration Research 
3. Rivets and Fastenings 
Aircraft Equipment: 
1. Armament 
2. Electrical and Radio 
3. Heating and Ventilation 
Hydraulics 
5. Airplane Instruments 
6. Mechanical Controls 
7. Power Plants 
8. Miscellaneous 


Aerodynamics 
Miscellaneous 


A second function of the Research and Testing Panel 
is to cooperate with governmental research agencies in 
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the planning and execution of research proje: 
example of this cooperation can be illustrated , 
project on the ‘“‘Hot Forming of Aluminum 
The need for such a project was crystallized in 
search laboratory of one of the member con 
Since it was immediately recognized as a prol 
interest to all aircraft companies and other fab; 
of high-strength aluminum alloys, it was felt it 
able for governmental financing. A semidetai|: 
gram of research was drawn up and submitted 
Council members for amendments and 
After these were received and included the Resvaro} 
and Testing Panel submitted the project to the \ . 
Metallurgy Committee of the National Acade: 
Science which coordinated the proposal with nonaireras; 
industries and obtained facilities to do the work Sa 
result two contracts were made by the Office of Pricdiy 
tion Research and Development of the War Product 
Board. One is with the Case School of Applied Scie: 
and the other with the University of Califor 
Berkeley. The Case School of Applied Science is 
that part of the program which has to do with stret 
and roll forming and the University of Califor 
concerned with tensile tests, deep drawing experiments 
and Guerin forming. Before beginning work th 
University of California made a detailed outline of thy 
research then planned and presented it at a meeting oi 
the forming experts of the West Coast Aircraft Cor 
panies. The program was constructively criticized 
and the final program embodied the best judgment o| 
representatives of those who will want to use the data 
when they are obtained. In this particular case th 
cooperation on the part of the Research and Testing 
Panel was not all in the form of advice. It was found 
it would take several months before the Universit) 
could obtain the aluminum alloy necessary for the rm 
search so each member company shipped a proportionat: 
share and the project was started immediately. 

Another outstanding example of cooperation in th 
aircraft is the large super wind tunnel which is being 
erected at the California Institute of Technology. Th. 
tunnel will cost over two million dollars and is being 
financed by the Douglas, Consolidated-Vultee, North 
American and Lockheed companies. The tunnel wil! 
be capable for research at a speed of about 700 mph 
High-performance aircraft, and particularly militar 
aircraft, are being designed for very high speeds and 
these cases the data required can be most economicall) 
obtained from wind tunnel experiments. The new 
tunnel will facilitate changes in design and will furnish 
data which will enable the calculation of top speed, rat: 
of climb, controllability, landing speed, ete., much mor 
accurately than has been possible in the past. The 
tunnel design was made in cooperation with the Curtiss 
Wright Corporation who are building a similar tun: 
in connection with their research laboratory. 

In connection with problems encountered in desig! 
ing aircraft for high speeds, the Council members pool 
their information on compressibility effects 

The development of aircraft has been so urgent 
the field to be covered has been so broad that sever 
governmental research agencies have been concer! 
with various research projects and phases of reseat 
projects. 

The Army Air Forces and the Navy Bureau of Ae! 
nautics are unquestionably the largest sponsors of ! 
search since they make contracts for new types 
designs for aircraft and permit the company making 
contract wide discretionary powers as to the details 
the research and development work which can be d 
to obtain the final product. In some cases it is ne 
sary to obtain a large amount of data before the 
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an be designed and a prototype made. An ex- 


lan 

mmple of such a case is the development of a predomi- 
ately Magnesium airplane. In other cases research 


other than Aerodynamic plays only a minor part and 
ering is the major operation. 

Collectively the aircraft companies through their 
h and engineering departments work cooperatively 


rese 
with the services to obtain information on which specifi- 
cations can be soundly based. It has been clearly rec- 


ognized that specifications should be based on expert- 
mental data on the items or processes being specified 
wd on measured requirements for the items. The 
establishment of these requirements and data often 
require extensive research programs. An example of 
interest in this connection is the case of specifications for 


driven rivets. 

An unbelievably large number of man-hours were 
spent in replacing rivets which looked imperfectly driven. 
No acceptable limits of perfection had ever been de- 
termined. To find out what degree of imperfection was 
.cceptable the A.W.P.C. Research and Testing Panel 
outlined a series of static tensile and fatigue tests of 
riveted joints with various degrees of imperfectly driven 
rivets. The types of imperfection found in production 
were classified and charts were made showing which 
were acceptable and which should be replaced. 

It is interesting to note in passing that previously the 
majority of the imperfections classed as defects do not 
lower the strength of the joint below design standards 
nd in some cases improve the strength. An example 
is the case of cracked rivet heads caused by overdriving 
which in turn work hardens the metal. The replace- 
ment rivet of the same size in the same hole is usually 
much less satisfactory than the rivet which was mis 
driven. 

he National Advisory Committee for Aeronautics 
is the agency established by Congress to promote avia- 
tion through research. This organization has three large 
laboratories, one at Langley Field, Va., for wind tunnel 
ind structural research, one at Moffett Field, Calif., 
for wind tunnel and flight testing, and one at Cleveland, 
Ohio, for engine research. In peacetime the laboratory 
facilities are partially used on problems of direct interest 
to the aircraft industry as a whole but in wartime they 
ire used exclusively for Army and Navy problems and 
there 1s only a nominal amount of coordination with the 
aircraft industry. However, within the N.A.C.A. there 
is a structure of committees and subcommittees on some 
of which a person from industry may be chosen to serve 
but the person is not chosen to represent the aircraft 
industry. 

The Civil Aeronautics Authority and in particular 
the group in charge of their activities with respect to 
urworthiness have been closely associated with certain 
of the research and development activities of the air- 
craft industry. In cooperation with the National Ad- 
visory Committee for Aeronautics they have obtained 
data on the loads imposed on the aircraft structure by 
various conditions encountered in the flights of trans 
ports. Other sections have carried on considerable 
work to establish the type of windshields which will 
withstand the impact of soft bodies such as birds, en- 
countered in flight. In order to obtain C.A.A. approval 
lor civilian aircraft it has been necessary to have ex- 
tensive research programs to prove the airworthiness 
of a new type of structure or to have accepted new 
methods of joining parts together. Although the C.A.A. 
has funds for development work, very little is spent in 
cooperation with the aircraft industry, but some is spent 
with the National Bureau of Standards and for new 
instruments which will be of value in gathering data of 
use to the industry. 
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RESEARCH IN THE AIRCRAFT INDUSTRY 


The Office of Scientific Research and Development is 
of course interested in the development of instruments 
of war and one who is so inclined might define an air 
plane as an instrument of war. Some problems of 
interest to the aircraft industry have been undertaken 
especially through the National Academy of Science. 
Most of the programs of this nature have been success 
ful. Although the data obtained have been confidential 
or restricted, care has been taken so that it would reach 
those who had legitimate use for it. Industry has been 
closely allied with these activities by membership on 
project advisory committees. 

The Office of Production Research and Development, 
which is part of the War Production Board, has a num- 
ber of research programs which are conducted to obtain 
data on processes which, if improved, or devised, would 
materially help the war effort. Examples of such 
programs are research to improve milling practice, the 
development of improved methods of forming sheet metal 
parts, improved methods of welding and the develop- 
ment of more modern methods of inspecting parts. The 
O.P.R.D. has done much to promote the use of pre- 
cision casting techniques and has a project to improve 
the forging and casting technique for certain of the light 
alloys. Many of these investigations are being made 
at the request of the aircraft industry and the industry 
is participating in their guidance through membership 
on project advisory committees which meet periodically 
to study results and indicate the course of future action. 

There is extensive cooperative effort by technical 
societies and the industry. When the emergency was 
recognized as existent the engineering societies and most 
other technical societies organized coramittees and sub 
committees on aircraft subjects. The Society of 
Automotive Engineers, the AMERICAN WELDING SOCIETY, 
the Institute of Aeronautical Sciences, The American 
Society of Mechanical Engineers and the American 
Society of Metals have been particularly active In 
some instances the technical groups have planned re 
search programs and have parceled out portions to 
various members and in other cases the society has 
financed the work from their own tunds which are in 
part contributions from individual aircraft companies. 

An example of cooperation between a technical society 
and the industry is the case of the Aircraft Welding 
Research Committee. In May 1941 welding men from 
the industry held a meeting in connection with a meeting 
of the AMERICAN WELDING Society. It was agreed an 
Eastern division and a Western division should be or 
ganized because of geographical locations of aircraft 
factories. This was immediately accomplished and 
the groups have been largely responsible tor planning 
the research and development programs which have 
made it possible to extend the use of spot welding and 
flash welding to aircraft construction in such a short 
period of time. The organization has also been re 
sponsible for the rapid standardization of resistance 
welding methods. 

Many are asking what will happen to these cooper 
ative efforts after the war is over. There does not seem 
to be any reason why some of them should not only 
continue but should become more important. The co 
operation through the technical societies will certainly 
continue Some aircraft industrial trade organizations 
will certainly exist. It is probably a good guess that 
projects which are of a noncompetitive nature in so 
far as the aircraft companies are concerned but com 
petitive with other forms of transportation will be worked 
upon cooperatively. Probably the competitive item 
will be design and this together with company organiza 

tion and management will be the principal items of 
individual competition. 
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The Spot Welding of 0.037/5-In. 


Aluminized Low-Carbon Steel 


By H. W. Brown' 


I. Equipment and Procedure 


HIS research was carried out using an Acme 75- 

kva a.-c. type spot welder, having a maximum 

output of about 24,000 amp. The welder was 
equipped with thyratron phase-shift control and with 
an automatic repeat sequence panel. 
pictured in Fig. 1. 

The welding current was measured by means of an 
electromagnetic oscillograph connected to a manganin 
shunt in the secondary circuit of the welding machine. 
Using this equipment, the per cent heat dial on the thyra- 
tron control panel was calibrated at 10°) intervals from 
50° heat to 100°% heat and these calibrated settings used 
throughout all later investigations. It is planned to 
present a more complete report on the current measure- 
ment investigations in a separate paper. Therefore, 
little information is included in this paper on that prob- 
lem. 


This equipment is 


In so far as possible, the procedure used for deter- 
mining weld strengths was in accordance with recom- 
mendations made by the AMERICAN WELDING SOCIETY 
and published as ‘‘Tentative Standards for the Testing 
of Spot Welds in Aluminum Alloy.’ Hence, all weld 
strengths recorded were determined by taking an aver- 
age of three tests made under identical conditions. For 
each setting, an additional specimen was made for metal- 
lurgical investigation. Also, after inserting new tips, or 
cleaning old tips, three or more conditioning welds were 
made before making a test weld. 

* Abstracted from a thesis presented by the author in partial fulfillment 
of the requirements for the degree of Master of Science in Aeronautical Engi- 
neering, University of Texas. 


+t Formerly, Instructor, University of Texas; now, Design Engineer {Hughes 
Aircraft Company. 


Fig. 1—Spot Welder and Contro] Panels 
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II. Calibration of Pressure Gage 
In order to have an accurate measure of the pressure 


being exerted across the electrode tips, it was necessar\ 


to calibrate the air pressure gage. 
the amount of line pressure admitted to the air cylinder 


which, in turn, determines the pressure obtained acros 
the tips. 


The equipment used for making this calibration 1s 


shown in Fig. 2. The procedure was as indicated in th: 
following paragraphs. 

The lower electrode arm was removed from the weld 
ing machine. A platform scale was obtained and 
metal stand made of such height as to reach from th: 


scale platform to the tip of the upper electrode when 1! 


was in the closed position. 


This gage indicates 
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GAGE PRESSURE — POUNDS 


CALIBRATION OF SPOT WELDER PRESSURE GAGE 
FIG. 3 


By depressing the two-stage foot switch such as to 
close the first stage only, the upper electrode was brought 
into contact with the metal stand, thereby exerting all 
its pressure on the platform scale. As long as the first 
stage only of the foot switch remained closed, total tip 
pressure would be exerted on the scale. 

Using this procedure, scale readings were taken at 5-lb. 
intervals from 15 lb. gage pressure to 100 Ib. Subtract- 
ing the tare weight of 24 lb. gave actual existing tip pres- 
sures. These are plotted in Fig. 3. 

From the plotted data it can be seen that the values 
all fall in a reasonably straight line, which is very nearly 
parallel to the calculated values of electrode pressure, 
assuming that no friction existed. This line was deter- 
mined from the known diameter of the air chamber and 
the ratios of distances from the fulcrum to the piston 
shaft and to the center line of the electrode, all of which 
data are given in Fig. 3. 

As can be seen froin the figure, friction in the system 
amounted to approximately 100 lb. This is an appreci- 
able percentage of the total tip pressure available. At 
990 Ib. tip pressure, which was the maximum obtained, 
actual friction amounted to about 12% of actual tip 
pressure. At a reduced pressure of 350 lb., friction 

imounted to 25%. 

While the equipment was in place for calibrating the 
tip pressure, checks were also made on the effect of the 
opening of the tip-closing throttle valve. This valve 
serves primarily to control the rate at which air enters 
the piston chamber and hence the speed with which the 
tips close. This, in turn, will have some effect on the 
mushrooming tendency of the tips. The faster the tips 
close, the greater the tendency for mushrooming to take 
place. 
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It was found necessary to have this valve open two or 
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more turns to get maximum pressure available at the 
tips. For instance, at 90 lb. gage pressure, this amounted 
to 905 Ib. At 1'/», turns open, tip pressure was reduced 
to S890 Ib., at 1 turn open, it reduced to S24 Ib. and at 
turn open, tip pressure was only 683 Ib. or 75° of maxt 
mum. Hence, it is seen to be important in working with 
the welder to not throttle down the air intake too greatly 
unless the resulting decreased tip pressure is desired and 
realized. Such a decrease might seriously affect the 
strength and structure of the weld nugget 

From the above data, it was decided to standardize 
on a valve opening of three turns. This was sufficient to 
insure maximum tip pressure being obtained, yet not 
enough to cause any appreciable mushrooming. 

A factor which noticeably affects the actual tip pres- 
sure available is the tightness of the packing glands 
in the air cylinder. If the glands are too loose, air leak- 
age past the piston will appreciably cut down the max1- 
mum pressure available; likewise, 1f the glands are too 
tight, the increased friction between the gland and the 
cylinder wall will decrease the actual pressure. Hence, 
before final gage calibration was made, the glands were 
adjusted so as to give maximum actual tip pressure for a 
given setting. 


Physical Properties and General Characteristics 
of Aluminized Steel 


Aluminized steel consists of a steel base coated on both 
sides with a thin layer of almost pure aluminum. Three 
different types of base metal are available. They are 
the low-carbon steel, cé ypper steel and high-strength 
steel. All of the work on this thesis has been carried on 
using the low-carbon steel base material. This particular 
aluminized steel is covered by Army Air Forces Specifi- 
cation 11353, written April 22, 1945. 

Properties of this material are tabulated in Table 1. 
These values are as stated by the American Rolling Mill 
Co. in literature released relative to this aluminized steel. 


Table 1—Properties of Aluminized Steel 
Value 


$5,000 minimum 
30,000 minimum 

15 minin 
B-70 maxin 


Property 
Tensile strength, psi 
Yield strength, psi 
“> elongation in 2 
Rockwell hardness 


um 
um 


in 


Relative to the chemical composition of the base metal, 


Army Air Force Specification 11353 requires that the 


ladle analysis be equivalent to S.A.E. 1008 steel. Hence, 
the nominal chemical range would be: 
Carbon 0.10 maximum 
0. 30-0. 50 


Manganese 
Phosphorus 
Sulphur. . 
Iron. 


0.040 maximum 
0.050 maximum 
Remainder 


Concerning the chemical composition of the aluminum 
coating, the American Rolling Mill Co. reports this to be 
approximately 8.5°% silicon, 0.25°, magnesium and the 
balance aluminum. Thickness of coating varies between 
0.0013 and 0.0020 in. and weight from 0.60 to 1.00 02. per 
square foot. 

Other properties and characteristics of aluminized steel 
as reported by the American Rolling Mill Co. include the 
following: It has a high resistance to atmospheric cor 
rosion and a reasonably good resistance to heat, being 
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4% 
Beir 
4 
rey 
* 
Ge 


able to withstand temperatures up to approximately 
1000° F. Also, it will withstand moderate forming and 
drawing without flaking or peeling of the coating. Army 
Air Forces Specification 11353 requires that ‘“‘Material 
shall withstand cold bending through an angle of 180° 
over a diameter equal to four times the thickness of 
specimen without flaking or peeling of the coating.” 


IV. Investigation of Effect of Tip Shape 


It was decided that the first thing which should be 
determined was the tip shape to be used inasmuch as it 
was known from the literature that this factor had a 
very great effect on such things as weld strength, porosity, 
shape of weld nugget, expulsion of metal, penetration, 
tip life, optimum machine settings, ete. Thus, careful 
control of tip shape throughout all later work would 
greatly increase consistency of results, accuracy and the 
usefulness of the data to others. 

Although the data taken were somewhat irregular 
and the metallurgical pictures not suitable for inclusion 
herein, the trends were sufficiently apparent to the 
author to arrive at a final conclusion. This conclusion 
is that the use of a 2-in. radius dome tip on both top and 
bottom surfaces gives the best general combination of 
desired characteristics. The factors considered in ar- 
riving at this conclusion included not only the weld 
strength, porosity, shape of nugget, appearance, expul- 
sion and indentation, but also the operation factor of 
ease of tip alignment. 

The combinations of tips investigated included the 
following: 


Top Tip Bottom Tip 
| '/, in. flat, 10° bevel 5/, in. flat 
2. 4/i¢in. flat, 10° bevel 5/, in. flat 
>. flat, 10° bevel 5/. in. flat 
4. '/,in. flat, 10° bevel 1/, in. flat, 10° bevel 
5. 2in. R dome 5/, in. flat 
6. 2in. R dome 2 in. R dome 


4 in. R dome 4 in. R dome 


Generally speaking, it was found that the use of the 
flat tips tended to give considerably more expulsion of the 
aluminum coating on exterior surfaces than did the 
dome tips. This detracted both in the appearance of 
the weld and the smoothness of the surface. Also, when 
using one small flat tip against a larger flat tip, cross 
sectioning revealed a tendency of the weld to be half- 
moon shaped rather than the desired oval shape. There 
also appeared to be an increased tendency for porosity 
to exist. 

Weld strengths using the 4-in. radius dome tips were 
not as high as those obtained using 2-in. radius tips. 
Also, strength consistency was much poorer. 

Using the 2-in. radius tips, weld strengths were ob- 
tained which were as high as those obtained with any 
other shape tips. Also there existed the operational 
advantage of not having to align the tips as perfectly as 
with the flat tips to get satisfactory contact. This latter 
factor was probably responsible in part for the greater 
strength consistency as well as the decreased porosity 
in welds made using the 2-in. radius dome tips. 

It is to be noted that the use of the 2-in. radius dome 
tips has also been found to be highly desirable for alumi- 
num alloys.' This factor tended to further verify the 
author’s selection of this shape tip. Undoubtedly, how- 
ever, further research on the matter of tip shape would be 
worth while. 
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V. Investigation of Effect of Surface Cleaning g 
Material 


The work performed at the Rensselaer Polytec! I; 
stitute has proved that wire brushing, when 
done, will give the lowest and most consistent 
resistance of any method which has yet been dev: 
For this reason, it has been found highly desira 
use in research work of this nature and has als 
considerable use in industry. 

Because of the above factors and in view of t! 
of suitable equipment for surface cleaning by che mica] 
means, the investigation of this factor was limited to th, 
effect of wire brushing one or both surfaces of the sheet 
compared to no surface cleaning whatsoever. 

The tests conducted involved the running of thr 
series of tests at various amperages. For the first series 
the material was welded exactly as received from th 
mill with no surface preparation whatsoever. [n th: 
second series, the material was first cleaned thorough) 
in carbon tetrachloride to remove any oil or other solub\ 
matter from all surfaces. This involved allowing th 
test strips to soak for a short period of time in the solvent 
and then wiping dry with a clean cloth. Following this 
operation, the surfaces to be spot welded were wir 
brushed on both exterior and interior surfaces with a 4-i1 
diameter wheel having 0.003-in. steel wires and drive: 
ata speed of 1800 rpm. The final series of tests involved 
the same procedure as the second series with the excep 
tion of the fact that only the exterior surfaces at the loca 
tion of the weld were wire brushed. The only cleaning 
done to the interior surfaces was that resulting from th: 
carbon tetrachloride. Hence, any oxide film which ey 
isted on the metal at the contact surfaces was left w 
touched. 

The results of these three series of tests are show 
graphically in Fig. 4. 

From a study of these curves and recorded data, it 
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Fig. 5—Vertical View Showing Various Sizes of Single-Spot 
Shear Specimens Tested 


wire brushing of outer surfaces only would be satislac 
tory. It was felt that the carbon tetrachlonde would 
remove any oil or similar soluble matter which might be 
the cause of extremely high sheet-to-sheet resistance 
Of course, the oxide film would still remain, but there was 
little evidence available that this would be of serious 
consequence. Also, since the material being 
had a steel core, the heat generated by the resistance ot 
the metal itself would form a greater percentage of the 
total than in the case of aluminum alloys, the 
resistivity of steel is about 30 times that of aluminum 

Or course, as the thickness of the sheets decreases, the 
heat generated by the sheet-to-sheet contact resistance 
an increasingly larger percentage of total heat 
generated Because of this, the decision relative to not 
wire brushing the not intended to 
cover the thinner material but only 0.0575-1n and thicker 
until further checks were made on the problem 


welded 


Since 


forms 


inner surfaces was 


an be seen that for a given current setting the strength of 
, spot weld is appreciably affected by the condition of 
the surfaces. Actually the highest strengths are ob 

tained when no surface treatment is given. The reason 
for this 1s apparently the increase in heat generated 
PRT) at the interfaces of the sheets because of the in 

creased contact resistance when no cleaning is done 
In terms of actual percentages, this increase in the 
strength of welds made with the sheet in ‘‘as-received 

condition as compared to the strength when the sheet 
is cleaned in carbon tetrachloride and wire brushed on 
both sides amounts to about 5% in the region of strengths 
which are felt most desirable for use (1SO00 to 2100 Ib. 

The percentage variation appears to decrease with an 
increase in current. 

A comparison of the strength curve for sheet cleaned 
in carbon tetrachloride and wire brushed on the exterior 
surfaces as compared with that with no cleaning reveals 
that, in the usable range of strengths, the strengths for 
the former are essentially the same as that of the latter. 

Regarding the operation of the welder during the 
various runs, it was noted that when no cleaning what 
soever was done that the expulsion of the aluminum coat 
ing on the surface of the metal tended to be somewhat 
more than when exterior surfaces were cleaned. Also, 
tip pickup was somewhat greater and the number of 
welds which could be made without sticking somewhat 
less. Buffing of the inner surfaces did not have any 
noticeable effect on any of the above factors. 

In view of the information in the previous three para- 


investigators, it was decided that it would not be neces 


sary towire brush sides both of the0.0375-in. sheet, but that 


Fig. 6—View Showing Typical Fractures of the Various Sizes of 
Shear Specimens Tested 
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graphs, as well as data recorded in the literature by some 
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The information recorded in the literature which was 
primarily responsible for the decision not to wire brush 
the inner surfaces was that of Studer*® and Tylecote.* 
Statements from their papers are given below. First, 
relative to sheet-to-sheet resistance, Studer states 

‘As the surfaces are heated by the welding current, the 
contact resistance falls off very rapidly to a negligibly 
low value, leaving only the body resistance of the mate 
rial. The time for this to occur is normally only a small 
fraction of a cycle, but it will depend upon the magni 
tude of the welding current.’ 

Tylecote in his paper on 
of aluminum alloy 

‘There is definitely no relationship between imitial 
resistance and strength. For instance, welds with re 
sistance of 10.8 and 1920 microhms have respective 
strengths of 1053 and 1096 Ib. As one would expect, 
the final resistances are low and of much the same order. 


contact resistance 


states 
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EFFECT OF SPECIMEN WIDTH ON STRENGTH OF SIN- 
GLE SPOT SHEAR TEST SPECIMENS FOR VARIOUS RMS. 


CURRENT SETTINGS. 
FIG. 8 


The slight differences appear to bear no relation to the 
initial resistance. There are only slight suggestions of a 
relation between strength, size and mean current. 

‘The sheet-to-sheet resistance curves are all of the 
same type: a steep fall from the initial contact resist- 
ance in the first quarter cycle into the region of 8 to 10 
microhms, then a comparatively smooth fall down to 
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6 to 8 microhms in the 4th cycle with a very sli 
ing off in resistance for the rest of the weld. ‘4 
trode-to-sheet resistance curves are similar in 
the sheet-to-sheet and are similar in resistance \ 
‘In addition to the above tests, macro-section 
half of each of the welds after fracture were ma: 
if there were any fundamental differences. Thy 
structure of all the welds was found to be similar 
outstanding differences were found 


“The above, I think, provides fairly conelusiy: 


dence that so far as initial sheet-to-sheet cont 


sistance and final weld resistance are concerned t}) 


no relationship between this and the strength 
weld. 


“This investigation was made on the assumptio: 
the wide variation of interfacial contact resistanc 


responsible for the spread met with in testing spot 
made under exactly identical conditions. It now 


evident that this was an entirely erroneous assumpti 
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FIG. 10 


and that interfacial contact resistance has little connec 
tion with the strength of the weld. The results show 
that the variation of this contact resistance is even 
greater than was imagined; also that it is probabl) 
unnecessary to have a consistent interfacial contact 


resistance. 


‘As regards the electrode-to-sheet contact, there is 1 
doubt that this must be as good as possible, and som 


form of preparation is essential.” 


Hess, Wyant and Averbach’:® are not entirely 
agteement with Studer and Tylecote in regard to th 
importance of sheet-to-sheet resistance. Conclusio! 
reached by them in their work on aluminum alloys 


clude the following: 


“Surface conditions determine the amount and d: 
tribution of heat in the weld zone. High values ©! 
resistance usually result in irregular distribution of heat 
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rhe visible effects of surface conditions are evident 
in the appearance of the electrode impressions, the sepa- 
-ation of the sheets near the weld, the fracture after test, 
microscopic examination. A high sheet-to-sheet 
sistance tends to make welds unsatisfactory in the 
respects. 
he effects of surface conditions are more pro- 
sounced in the welding of the thinner gages of material. 
the best welds are produced under low-resistance 
conditions such as those obtained by careful wire brush- 
ing or by the correct chemical treatment.” 

Regarding the effect on strength of the surfacé condi- 
tions, they state: 

rhe effects of surface conditions were much more 
evident in the weld fractures than in the magnitude and 
consistency of the results of shear tests... .. It will be 
joted that under conditions of low resistance, the welds 
were consistently round and regular, whereas, under 
maditions of high resistance, the welds were irregular in 
shape and imperfectly fused. Here again it is evident 
it the current was seeking out and following the path 
least resistance through the weld zone. Ninety-two 
ner cent of the low-resistance welds were within 5°, of 
their average strength of 269 Ib. Ejighty-eight per cent 
of the high-resistance welds were within 5°, of their 
verage strength of 252 lb.” 

It should be kept in mind when attempting to apply 
the previously quoted results to the author's problem 
that all of the quoted results were from research done on 
aluminum alloys. There is little question but that the 
surface problem is much more critical on such material 
than on the aluminized steel. Also, in the statements of 
Hess, Wyant-and Averbach, the high resistance spoken 
of applied to both outer and inner surfaces, whereas the 
uithor did eliminate the high resistance of the outer 
surfaces by wire brushing. 


Jaws for Breaking ‘‘U’’ Specimens 


Fig. 11 


The author's final conclusion regarding the manner 
of surface preparation to be used is that, even though the 
sheet-to-sheet resistance does have a small effect on weld 
strength and consistency, 1t would be desirable from the 
standpoint of a more uniform weld shape and decrease 
in sheet separation to either wire brush or chemically 
clean the material in such a manner as to obtain a low 
and uniform sheet-to-sheet contact resistance. There 
is no queston but that the contact resistance of the 
outer surfaces should be held to a minimum. 

It is no doubt wondered why, in view of the above para- 
graph, the author did not wire brush both surfaces 
throughout the research work. The reason for this is 
that this conclusion was not reached until all tests had 
been completed and the literature given additional study. 
It is not felt, however, that failure to wire brush the 
inner surfaces has appreciably affected the accuracy of 
iny of the strength checks recorded. If anything, 
the data are on the conservative side as far as utility to 
others is concerned. The photomicrographs shown 
later do tend to verify the findings of Hess, Wyant and 
Averbach regarding high contact resistance giving in- 
creased 
weld nugget 
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heet separation and nonuniformity of shape of 


SPOT WELDING ALUMINIZED LOW-CARBON STEEL 


Fixtures for Centering ‘‘U’’ Specimens in Place on 


Welder Electrode 


VI. Investigation of Effect of Specimen Width 


The results of intensive investigations carried out by 
Hess, Wyant and Averbach® on the aluminum alloys re 
vealed that the minimum width of single-spot shear spect 
men which could be used without decrease of the shear 
strength was */, in. for metal thicknesses from 0.031 to 
0.045 in. Army Air Forces Specification 20011-C’ covering 
the inspection of spot welds also lists this measure 
ment as being the minimum allowable for aluminum 
alloy. This specification also states the minimum accept- 
able width for stainless steel in thicknesses from 0.031 to 
0.050 to be 1 in. The specification does not list the ac 
ceptable specimen width for low-carbon or other fer 
rous steels, however. The only information located rela 
tive to such material was that recommended by the 
Resistance Welding Committee of the Welding Research 
Society.° which in 1940 published a recommended width 
of 1 in. for ferrous metals from 0.031 to 0.050 in. in thick 
ness. 

As it was first thought that the aluminized steel would 
react similarly to the aluminum alloys, 1t was decided to 
make the initial tests using specimens ‘ in. wide. This, 
it was decided, would be on the safe side such as to insure 
the maximum strength being obtained from the weld 

After making the initial weld strength vs. welding cur 
rent run, it was thought wise to check a few specimens 
1'/, in. wide to make certain that no increase in the 
measured weld strength could be obtained for a given 
set of conditions. The results were quite astonishing 
For instance, at a current of 10,400 amp., the strength 
increased from S40 to 1400 Ib., or approximately 40% ¢. 
This being the case, it was decided to check into the 
matter of specimen widths in some detail. Accordingly, 
series of tests were run for widths of | >and 3 in. 

In each case, the overlap was kept approximats ly equal 

to the width except for the 4-1in. width specimen, in 


Fig. 13—-Typical Fractures of the Different Sizes of ‘‘U’ 
Tension Test Specimens 
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which case an overlap of 2 in. was used. This was be- 
cause of the obvious fact that increase in overlap over 2 
in. would not increase measured strength. 

The various widths of specimens tested are pictured 
in Fig. 5. It will be noted that for the 2- and 3-in. speci- 
mens, it Was necessary to trim down the part of the 
specimen clamped by the testing machine jaws to about 
|'/gin. as this was the maximum width of specimen which 
the jaws would handle. The trimming of the large 
specimens in this manner was not thought to affect the 


Fig. 15—-Weld Made at 12,000 Amp. Current. 10 


Fig. 18—-Weld Made at 18,900 Amp. Current. 10 x 


Fig. 19-—-Weld Made at 22,710 Amp. Current. 10 
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strength which would be obtained inasmuch 
variation in strengths appeared to be due to a be» jj, 
of the specimen at right angles to the applicat 

load and passing through the weld. This can be soy jy 
Fig. 6, which shows typical fractures of the various wid} 


L 
specimens tested. It may be noted that fail of 
the */s-, 1'/4- and 1'/2-in. specimens occurred by te iring 
across the width of the specimen, whereas in the 2 nq 
3-in. specimens, failure occurred by tearing out o! thy 
weld slug only. It is felt that the primary reason {for 


the decrease in strength with decrease in width is due to 
the fact that, when bending occurs, the weld is | ; 
partial tension rather than shear and, since the tensi) 
strength is only about 40°% of shear strength, obvi 

the strength will be lower. 

The results of these series of tests are plotted in ty 
different manners in Figs. 7 and 8. The important 
clusion to be derived from this series of tests is that 4 
minimum specimen width of 2 in. is required to develop 
full strength in single-spot shear specimens in the 0.0) 
aluminized steel. 

A question may arise as to why in the series of tests 
run with the 3-in. wide specimens some of the strengths 
were below the strengths obtained with the 2-in. speci 
mens. The author’s belief is that the small variatio: 
existing at current settings of 10,400, 12,000 and 13,NSvx 
amp. was due to the normal dispersion of spot-wel 
strengths. It is also possible that the manner in which 
some of the specimen had to be cut away to enable it t 
be clamped in the testing machine was partially responsi 
ble for the decrease in strengths. 

It was desired to obtain a measure of the ductility of 
the spot welds in this new material for comparison with 
other materials. A method which has been used for 
this is the ‘‘U”’ tension test. Here again no definit: 
width has been standardized. Bowman*® shows a ‘'| 
specimen having a width of | in., as Type 1 in Fig. {) 
Hess, Wyant and Averbach® use on aluminum alloys a 
2-in. wide specimen similar to Type 2 of Fig. 9. It was 
decided to check both of these sizes to see if the varia 
tion had any appreciable effect on strength. 

To adapt the testing machine for the handling of this 
type of specimen, it was necessary to design special fix 
tures to fit in the jaws of the machine to hold the “U’ 
specimens. The design worked out is shown in Fig. 10 
Figure 11 pictures the completed jaws with a “U” 
men. 

In order to avoid eccentricity of loading when testing 
the “‘U”’ type test specimens, it was necessary to have the 
spot weld located directly in line with the drilled holes 
in the sides of the specimen. ‘To obtain this desired a: 
curacy, the flat pattern development of the “U”’ 
mens was carefully laid out and a template made for 
locating centers of the drilled holes in the ends of the 
specimens as well as locating the bend lines. In addi 
tion to this, small fixtures were made for centering the 
“U" specimens in place between the spot-welding ele« 
trodes. These latter fixtures are pictured in Fig. 12 
The use of the above-described templates and fixtures 
considerably decreased the time required for making the 
tensile test specimens in addition to giving an increasé 
in the accuracy of the measured weld strengths. 

The results of these tests are tabulated in Table 2 
and are shown graphically in Fig. 7. It can be seen 
that a definite increase in tensile strength does result 
with the wider specimen. Therefore, it is felt that thi 
2-in. specimen is the most desirable size to use. Before 
standardizing upon it, however, the author would recom 
mend further checks on perhaps even wider specimens as 
well as some intermediate widths. 

Figure 13 illustrates the reason for the 
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0.0375 aluminized steel. 
carbon tetrachloride 
faces buffed. 
pressure. 
time 
e tips, top and bottom 


1 In. Wide ‘‘U’’ Specimens, Type 1 2 In. Wide 
Fig. 9 
Av. 
Ultimate Ultimate 

Speci Tensile Tensile Speci- 
men Strength, Strength, men 
No Lb. Lb. No 

g 38) 652 125 648 

653 135 649 
654 140 


560 410 572 
561 375 573 
562 105 397 574 


564 
565 120 oid 
566 


568 
AGO 440) 58] 


570 475 


$173 475 584 
474 $70) 585 
475 477 


660 
661 445 
662 


strength of the narrow “U”’ specimen. This reason is 
ically the increased bending which exists with the 
row specimen. Because of this, the stress is not um- 
rm all around the periphery of the weld but instead is 
neentrated at two edges causing a break to occur at a 
wer ultimate load. With the 2-in. width specimen, 
ry little bending occurred. From the appearance of 
he failure it is felt that little if anything more in ulti- 
mate strength would be obtained using any wider speci- 
nen. 
A factor which is felt to be of considerable importance 
in the testing of ‘‘U’’ specimens is the fit of the specimen 
nthe testing machine jaws. Any increase in the allow- 
ce between the specimen and the jaws increases the 
tendency for bending to occur, thereby allowing greater 
lispersion in ultimate strengths. In the specimens 
tested, the allowance was held within 0.020 all around. 


Vl. Characteristics of Welds in 0.0375 Aluminized 
Steel 


rhe data and specimens obtained in the previous series 
ol tests were further analyzed to obtain information 
relative to penetration, diameter of weld slug and in 
lentation. This information, as well as a discussion of 
the strength and ductility characteristics of the metal, 
is included in the following paragraphs. 

For determining penetration, diameter and indenta- 
tion, a weld made at each current setting was cross sec- 
toned, polished and photographed at a ce 
1 10 X. At the time the weld was photographed, < 
scale was placed adjacent to the weld specimen such th: r 
the hundredths markings on the scale would show up on 
the macrograph. This gave a positive and ready means 
1 determining the afore-mentioned variables. The 
mMacrographs at the 6 current settings investigated are 
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Table 2—Tensile Strength of ‘‘U’’ Specimens 


| specimens made at 10,400 amp. current or more failed by ductile tear; 


SPOT WELDING ALUMINIZED LOW-CARBON STEEL 


remainder by shear. 


‘U"’ Specimens, Type 2 
Fig. 9 Ultimate 
Av Tensile 
Ultimate Ultimate Strength, Ratio 
rensile Tensile 2 In. Wide 2 In. Tension 
Strength, Strength, Shear to 2 In 
Lb Lb Specimens Shear, % 
lo 
150 


175 


140 
510 


920 623 1652 


600 
560 


SH5 


1905 


S40 


yy 


600 793 


1970 1() 


665 
675 


660 2003 


shown in Figs. 14 through 19. Figure 20 shows the 
method used for calculation of indentation and penetra 
tion. The final graphical presentation of these data is 


made in Fig. 21. 


A study of the afore-mentioned figures and data r 
veals the fact that the surface indentation is rather 
high, even at the low currents. The values are consider 
ably in excess of those normally obtained with either 
plain steel or aluminum alloy. 

It is felt that the primary reason for this is the fact 
that in almost every case at least some expulsion of the 
aluminum coating took place, both at the faying sur 
faces and from under the electrodes. The ——. mn 


at the faying surfaces appeared to be necessary if high 
strength welds were to be obtained. Those beers in 
which expulsion did not take place and only the alumi 
num coating was fused were very weak and could be 
broken easily by hand. 

The per cent penetration was well within the limits of 
from 40 to 70°), which is considered desirable by most 
authorities.': '° It is to be noted that this penetration 
is based on total original sheet thicknesses as recom 
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mended by the AMERICAN WELDING Society.’ This ac- 
counts for the apparent lowness of the readings judging 
from the macrographs. If the thickness at the weld (P) 
had been taken as the basis of reference, the penetra- 
tion values would have ranged as high as 80%. 

Inasmuch as the data on diameter, penetration and 
indentation were taken from only one weld at each cur- 
rent setting, it does not necessarily reveal the average 
conditions existing. Far more cross sections would 
have to be taken to obtain such results with a high de- 
gree of accuracy. Time did not permit this to be done. 

Regarding ductility, it is felt that welds in this metal 
are at least as ductile as those in aluminum alloy but are 
not as ductile as those in plain mild steel. The basis for 
this feeling is contained in the data tabulated in the last 
column of Table 2. Here we see that the ratio of the 
tensile to shear strengths varied from 32 to 44% in the 
usable range of weld strengths. Hess, Wyant and Aver- 
bach® found this ratio in Alclad 24ST aluminum alloy 
to be 29 to 31%. In mild steel, they report a value of 
from 50 to 75%.'! Hence, while the ductility does not 
appear to be as high as with mild steel, it is felt to be 
entirely satisfactory for a large majority of applications. 

Comparing the actual ‘“U”’ tensile strengths per spot 
with that of aluminum alloy, a very favorable result is 
obtained. Hess, Wyant and Averbach® report a “U” 
strength of 211 Ib. per spot on 0.040 Alclad 24ST. 
Strengths obtained by the author on 0.0375 aluminized 
steel varied from 440 to 920 Ib. It should be kept in 
mind that the actual ultimate tensile strengths of the 
Alclad 24ST runs higher than that of the aluminized 
steel. The guaranteed minimum on tke aluminized 
steel is 45,000 psi., whereas on the Alclad 54ST it is 59,- 
000 psi. Tests run on the aluminized steel by the 
author, however, revealed that the material being tested 
actually had an ultimate tensile strength of 58,000 psi. 
The very important characteristic of shear strength 
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per spot turned out to be very favorable as ca; 
from the data and figures previously refe; 
Strengths as high as 2100 Ib. per spot were 

using the maximum current available. Th, 
would not recommend using that much current. | i 
at the 10-cycle setting because of the excessive foc 
which occurred. Tip life was also considerabh 

this setting and the weld appearance poor. 

It is felt that the optimum current setting 
0.0375 material at 10 cycles time for the conditio, 
in Fig. 7 is about 14,000 to 15,000 amp. This 
strength of about 1800 to 1900 Ib. per spot, 
near the maximum. Also, the strength curve ; 
paratively flat in this region so as to give rea 
strength consistency even though the current n ; 
slightly. Very little expulsion occurred at this currer; 
setting. 

A comparison of the single-spot shear strength 
material with that obtained by other investigat 
other materials should be of interest. Such a com; 
may be made by referring to Table 3. In this tab} 
material most nearly like the steel being tested 
0.036 cold-rolled low-carbon steel. The stren 
1100 lb. which is tabulated for this material is onh 
60% of that obtained using the aluminized steel. H 
ever, the indentation for the mild steel was onl) 
1°) as compared with about 17°) on the aluminize: 
Regarding weld diameters, Hess and Wyant!® re 
diameter of about 0.20 in. on the mild steel wher 
diameter of welds made by the author was about () 
This larger diameter helps to account for the highe 
strengths obtained on the aluminized steel. 

Another means of comparing the strength characteris 
tics of spot welds in this material with those in other 
materials is that of actual unit stresses carried by th: 
welds. In Table 4 a compilation is given of both w 
shear stresses and unit tensile stresses for the six differ 
ent current settings used. 

From the table, it is seen that the ultimate unit shear 
stress carried by the welds varies widely, ranging from 
60,400 psi. at the lowest current setting to 27,350 psi 
the highest current setting. At what the author Ice! 
to be the optimum current, the unit shear stress was 
about 34,000 psi. This compares fairly well with the 
figure of 45,000 psi. listed as being the average shear 
strength of similar welds made in */;. in. thick low-carbo 
steel as recorded in the Welding Handbook.” 


Table 3—Single-Spot Shear Strengths Recorded by Various 


Investigators 
Thickness, 

In. Material Strength Investigator 
0.0375 Aluminized steel 1800-1900 Harry W. Br 
0.040 Alclad 24ST 725 Hess, Wyant 

Averbac! 
0.040 Alclad 24ST 613 Della Ved 
and Rockwel 
0.029 Hot-rolled, annealed 1000 Hess, Ringer 
and pickled mild 
steel 
0.036 Cold-rolled low-car- 1100 Hess, Wyai 
bon 
0.040 S.A.E. 1020 steel 1500-1600 Hess, 
(not tempered in schaft'® 
welding machine) 
0.040 S.A.E. 1020 steel 1650-1750 Hess, Herr- 
(tempered in weld- schaft' 
ing machine) 
0.040 N.A.X. 9115 half 2500-2600 Hess, Schro 
hard 
0.040 S.A.E. X 4130 steel 2600-2700 Hess, lerr 
(tempered in weld- schaft! 
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1.0375 aluminized steel. 
arbon tetrachloride. 

ices buffed. 

pressure. 

time 


Diameter of Shear 
Current of Spot, Spot, Strength, 
Amt Sq. In Lb., 

0.185 0.0269 1652 
0.23 0.0416 1793 
9 0.27 0.0527 1905 
f 0.27 0.0527 1970 
0.27 0.0527 2000 


0.0755 2065 


Il. Effect of Miscellaneous Variables on Spot 


Welds in 0.0375 Aluminized Steel 


Tip Pressure 


From preliminary experimentation as well as from 
he literature the author learned that the variable of tip 
pressure seriously affects not only the weld strength, 
ut the quality of the spot weld as well. During the 
reliminary tests, welds were made at pressures ranging 
rom 200 Ib. to about 1000 Ib. at the tip. Many of these 
vere cross sectioned and examined under the microscope. 
[it was noticed that, at the lower pressures, the porosity 

the welds was very bad. It was not until a pressure 
f about 600 Ib. was used on the 0.0375 material that the 
orosity became negligible. At 700 Ib. no porosity at all 
yvasnoted. It was primarily because of this that 700 Ib. 
pressure was selected for the standard to be used during 
ther tests. 

fo obtain data on the effect of tip pressure on spot- 
veld strengths, series of tests were run at 600 and 900 Ib. 

evious tests had already been run at 700 1b. All this is 

rded graphically in Fig. 22. No tests were run at 
pressures below 600 lb. because it was felt that their use 

uld not be warranted because of the high porosity 
xisting. 

It can be seen from Fig. 22 that the tip pressure does 
lect the strength developed at a given current setting. 
For example, at 12,600 amp., the strength increased from 

50 Ib. at a tip pressure of 900 to 1728 Ib. at a tip pres 
ure of 600 Ib. It also appears that this relationship is 
more critical at the lower currents than at the higher 
Thus, at 17,000 amp. and above, all welds 
vere within 200 Ib. of one another. 

lhe only data recorded in the literature to date on 
iuminized steel which the author has been able to locate 
re those given by Rosenblatt.'* He has not recorded 
ny data on material thicker than 0.024 in. On the 
024 in. he recommends an electrode force of 625 to 700 
0., Which appears to check the author’s recommended 
lorce of 700 Ib. 

As to why the tip pressure does affect the weld strength 
in the manner in which it does, it is felt that the increase 
in contact resistance at the lower tip pressures is directly 
responsible. This, in turn, increases the heat generated 


PRTR). 


lue S. 


Squeeze Period 


Che squeeze time is that period of time elapsing be- 
‘ween initial closure of the welding tips and the begin- 
ling of current flow. By means of a dial located in the 


sequence panel, this time could be varied from 0 to 60 
Whether or not this time is very critical is primarily 
1944 


Table 4—Unit Tensile and Shear Strengths of Spot Welds 


SPOT WELDING ALUMINIZED LOW-CARBON STEEL 


Unit Tensile I 
Shear Strength, Te: 
Strength, Psi Lb., Stre I 
60,400 175 17,65 
13,100 567 13.4 
30,200) S40) 14,6 
34,400 SUL) 15.5 
34,900 667 11,650 
27,000 


dependent upon whether or not the weld is very greatly 
affected by changes in pressure. The reason for 
that the effect of very short ‘‘squeeze times’ could result 
only in the beginning of current flow before the air pres- 
sure in the air cylinder had had time to build up to its 
maximum value. From the previous research on the 
effect of tip pressure, it was learned that the effect of de 
creased pressure at a given current setting was to in 
crease strength. This being the case, it was not thought 
that this setting would be very critical. 

Actual tests run from 2 to 60 cycles verified this initial 
assumption. The data on these 
graphically in Fig. 23. The graph re 
variation in strength with period. During the making 
of the welds, however, it was noted that at the 2- an 
o-cycle settings flashing occurred, whereas 
at settings of from 10 cyclesup. Therefore, the optimum 
setting was felt to be about 10 or 15 cycles 

A factor to be noted in connection with these data is 
the fact that the results obtained are largely dependent 
upon the setting of the tip closing throttle valve. 


this is 


recorded 


veals Very 


tests iT¢ 


none occurred 
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|CLEANED IN CARBON TETRACHLORIDE AND OUTER 
| SURFACES BUFFED 

|2 INCH WIDE SPECIMENS USED. 

10 CYCLES WELD TIME. 

EACH PLOTTED POINT AVERAGE OF THREE WELDS 
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\.600 LBS. TIP PRESSURE. 


— 


-{\700 LBS. TIP PRESSURE. 


WELD STRENGTH POUNDS 


— — 
LBS TIP PRESSURE. 
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(0375 ALUMINIZED STEEL SHEET ‘| 
CLEANED 


IN CARBON TETRACHLORIDE. 
OUTER SURFACES ONLY BUFFED 
700 POUNDS TIP PRESSURE. 
10 CYCLES WELD TIME. 

WELD CURRENT = 17,500 AMPERES. 

HOLD PERIOD = 30 CYCLES. 

2R DOME TIPS, TOP AND BOTTOM. 

TIP CLOSING THROTTLE VALVE OPEN 3 TURNS. 
EACH POINT AVERAGE OF 3 WELDS 
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| 
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w | | 
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1200 
4 
| 
| 
10) to 20 30 40 SO 60 
SQUEEZE PERIOOD— CYCLES 


EFFECT OF SQUEEZE PERIOD ON SHEAR STRENGTH 
OF SPOT WELDS. 
FIG. 23 


valve is closed down to such an extent as to greatly limit 
the flow of air into the cylinder, then flashing would occur 
at a much higher squeeze-time setting. This being the 
case, this valve was kept open at least three turns‘or more 
all through the research project. Tests run during the 
calibration of the pressure gage showed that when the 
valve was open this much, very little throttling occurred. 
To be on the safe side, the squeeze-time setting 
throughout the research project was kept at 30 cycles. 
It is not felt that this would be necessary in production, 
however, in view of the data obtained in the research. 


(c) Hold Period 


The hold period is that period of time elapsing after the 
welding current has stopped flowing until the electrodes 
open. This period of time allows the molten slug of 
metal to solidify before the pressure is released. 

One would expect that if the tip pressure were released 
too quickly, the weld nugget would be less dense and the 
shear strength correspondingly reduced. As far as the 
strength is concerned, however, the research indicated 
that the hold time had no effect whatsoever on strength. 
The evidence appears in Fig. 24. Metallurgical ex- 
aminations were not carried out to check on the weld 
density. Inasmuch as the hold time was not found to 
affect the strength, it is the author’s feeling that the 
density and structure of the weld likewise are not affected 
appreciably. 

In explanation of this situation, it appears that the 
weld nugget must solidify almost instantaneously upon 
cessation of current flow. It may take 1 or 2 cycles. 
If more than this were required for solidification to take 
place, it is felt that evidence of it would have appeared in 
the data taken. 

It is noted that there is also a valve on the welder for 
the controlling of the rate at which the welding elec- 
trodes open. The setting of this valve would not affect 
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the hold time as it does not come into action uw 


the hold time has elapsed. 


Regarding the hold time setting used during t! 
research, a value of 30 cycles had been select; 
reason for this was that it was determined fro; 


rough checks early in the work that this was o1 


side. 


will be used. 


mend for production purposes. 


(d) Weld Time 


From the basic equation for heat generated in ; 


For any future work, a value of 5 to 
This is the value the author woul, 


a spot weld (17 = [°RTK), it is apparent that 


generated is directly proportional to the tim 
current flow. 
importance. 

That this is so is readily apparent from inspectio: 
data shown in Fig. 25. 
these data that if consistent results are to be obi 
the welding equipment must have accurate mea: 


This variable then is seen to be of y 


It also is quite obviou 


controlling the time of current flow such as was obtai; 


with the electronic controls on the spot-welding 


ment used. 


As to why this range of from 2 to 10 cycles was 
gated, it is noted that this includes most of th 
commonly used for welding both aluminum a 
Hess and Wyant" recommend a time of from (1 
12 cycles as being best for 0.036 automobile 


steel. 


steel. 


He recommends use of 2 cycles. 


In the latter investigator's paper, he indicat: 
cycles as being based on the fact that | 


choice of 2 


grace 
Hess, Wyant and Averbach” report 
6 to 16 cycles on 0.040 Alclad 24ST. The only data 
able on aluminized steel are those given by Rosenb! 


duration increases flashing, spitting and tip indentati 


At a given current setting, this is undoubtedly the 


However, it was not necessarily found to be the case for 


given weld strength. On the contrary, the aut! 
0375 ALUMINIZED STEEL SHEET. 
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soticed an increased tendency for sticking of the tips to | (0375 ALUMINIZED “STEEL SHEET } 
ecur at the shorter time settings. CLEANED IN CARBON TETRACHLORIDE, | 
Lack of sufficient machine capacity limited the 2- and OUTER SURFACES BUFFED 

-oyvele investigations to strengths considerably below TIP_ MATERIAL - ELKALOY A 

be maximum available. At 23,800 amp., only 1380 lb. 2 R. DOME TOP AND BOTTOM 


NO CONDITIONING WELDS MADE ON TIPS BEFORE 
START OF RUN 


neth was obtained at 2 cycles, whereas 2140 Ib. 


was obtained at 10 cycles. This being the 


strenl TIPS NOT CLEANED DURING ENTIRE RUN 
case, the author does not feel that sufficient evidence WELDING CURRENT = 20,600 AMPERES 
was obtained to arrive at final conclusions regarding the WELDING TIME = 5 CYCLES 
esirability of the low time settings. Additional metal- TIP_PRESSURE = 700 POUNDS 
lurgical investigations also need to be made. 20 —al. gla a ] ] 
fhe data very definitely prove, however, that strength “Vw Mit Al = 
varies greatly with the time of current flow for settings 
of at least as high as 10 cycles. 1600} + — 4 
IX. Dispersion 3 
« i 
[he final phase of the research project involved ob- | 
taining data relative to the dispersion of spot-weld shear 
stren gths over a long series of welds. The purpose of \ARMY AIR FORGES MINIMUM FOR 
btaining these data was to determine the amount of a | | | logo STEEL WITH UTS BELOW 75,000 
| PSI, COATED OR UNCOATED 
700 POUNDS TIP PRESSURE. i 
2R. DOME TIPS, TOP AND BOTTOM. }__j_} _|\ A. A.F MIN. FOR 040 ALCLAD 24 $7 
2 NCH WIDE SPECIMENS USED. | | | 
EACH PLOTTED POINT AVERAGE OF THREE WELDS. gl | 
.@] 20 40 60 80 00 
ia WELD NUMBER 
WELD STRENGTHS FOR A SERIES OF CONSECU- 
CYCLES WELD TIME. TIVE WELDS. 


im 
“5 CYCLES WELD TIME. 


—— plotted consecutively in Fig. 26 and are given as a histo- 
gram in Fig. 27. The procedure followed in the calcula- 
, oe tion of the various measures of dispersion is given in 
| lable 5. A final tabulation of all the commonly used 
|_f measures of dispersion is given in Table 6. 
3 CYCLES WELD TIME. 
Bw. 0375 ALUMINIZED STEEL SHEET | 
+— CLEANED 'N CARBON TETRACHLORIDE 
| TIP MATERIAL ~ ELKALOY A 
| 2 R._DOME TOP AND BOTTOM 
2 GYCLES WELD TIME. NO CONDITIONING WELDS MADE ON TIPS | 
| BEFORE START OF RUN 
ae |__| | TIPS NOT CLEANED DURING ENTIRE RUN 
WELDING CURRENT = 20 600 AMPERES 
t t | WELDING TIME = 5 CYCLES 
| TIP_ PRESSURE = 700 POUNDS 
| 
10000 14000 18000 22000 25000 t5%> 
EFFEGT OF CYCLES DURATION OF CURRENT FLOW ON 
SPOT WELD SHEAR STRENGTH. ; | 
\4 | AVERAGE | 
variation in spot-weld shear strengths which would resul - be 
spot-weld shear strengths which would result 
during normal production welding operations between 5 4 
successive tip cleanings. Flio | | 
_ For making this investigation, a current-time combina- 8 | 
tion was selected which it was thought would be as Se | 
severe as would be suitable for production usage. Ac- wl | | | Le 
cordingly, a current setting of 20,600 amp. at 5 cycles 2} 4}++———}+4+—_+— + r + 
times was selected. From previous data, it is noted this 2 ° | 
setting had given a strength of 1955 Ib., which is on the of ly 


high side of the range of recommended usage. Also, to 1600 1650 (700 1750 1g00 1850 1900 1950 
stumulate the worst tip conditions, no cleaning whatso- 


ever was done during the entire run. Furthermore, _ 


no conditioning welds were made on the tips before the DISPERSION CHART FOR A SERIES OF 100 CONSECU- 
start of the run. Tive WELDS 

The actual strengths obtained during the run are FIG 27 
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Deviations 


Shear Strength from Mean 


No. of 


Range, Lb. Midvalues Welds (1850 Lb.) 
1580-1589 L585 l P65 
1590-1599 1595 
1600-1609 1605 l 245 
1610-1619 1615 

1620-1629 1625 

1630-1639 1635 

1640-1649 1645 

1650-1659 1655 

1660-1669 1665 

1670-1679 1675 

1680-1689 1685 3 165 
1690-1699 1695 l 155 
1700-1709 1705 l 145 
1710-1719 1715 

1720-1729 725 3 125 
1730-1739 1735 2 115 
1740-1749 1745 l 105 
1750-1759 1755 
1760-1769 1765 2 85 
1770-1779 177i 1 75 
1780-1789 1785 2 65 
1790-1799 1795 3 55 
LSO00—1809 1805 5 45 
ISLO-1S19 1815 l 35 
1820-1829 1825 6 25 
I830-1839 1836 2 15 
LS40—-1849 1845 l 
1855 5 
1860-1869 1865 3 15 
1870-1879 L875 6 25 
1880-1889 1885 7 30 
1890-1899 1895 2 1 
1900-1909 1905 19 55 
1910-1919 1915 65 
1920-1929 1925 5 75 
1930-1939 1935 6 85 
1940-1949 1945 l 95 
1950-1959 1955 4 105 
1960-1969 1965 l 115 
Totals 100 


Table 5—Determination of Dispersion of Shear Strengths”! 


Frequencies 

Deviations d’ 
265 —927 
— 26 
245 —25 
—24 
—23 
—22 
—21 
—20 
—19 
—18 
495 —17 
155 —16 
145 —15 
—14 
375 —13 
230 —12 
105 
—10 
170 — Q 
75 — § 
130 — 7 
165 — 6 
225 — 5 
35 — 4 
150 3 
30 — 2? 
5 — |] 
35 0 
45 l 
150 2 
245 
1045 o 
195 6 
375 7 
10 
95 
420) 10 
115 11 


6320 


100 


Av. deviation from mean = 63.2 Ib. 


. 
Av. deviation as a per cent of the mean = 1850 


<x 100 = 3.4% 


Maximum positive deviation from mean = - X 100 = 6.2% 


1850 
Maximum negative deviation from mean = 1850 x 109 = 14 5% 
Ow 
Computation of standard deviation (c): 
= — C? 
=f(d’) 6903 
= = = 
N 100 
Sfd’\? 25 \? 
= = 00,0625 
N 100 
= C? = — 0.06 = 68 Q7 intervals 


Standard deviation = 68.97 = 8.30 

All the above operations were carried through in class intervals. Since class interval = 10 Ib. 
= 8.30 XK 10 = 83.0 lb. 

Coefficient of variation = V: 


100 
X 


where Y = mean value, 


83 
hence V = — = 4.57 
1850 
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Referring to Fig. 26, the minimum allowable strengths 
cepted by the Army Air Forces for both 0.040 steel 
with an ultimate tensile strength below 75,000 psi. and 
\lclad 24ST’ is found. The fact that the de- 


040 


veloped Shear strengths greatly exceeded both of these 
minimums is readily apparent from the figure. The 
ctual minimum was 167°) above that allowed on steel 
nd 4570 above that allowed on Alclad 24ST. This 
being the case, there should certainly be no hesitancy in 


ng this material from a strength standpoint. 

As for dispersion of maximum strengths from the 
mean, a better knowledge of the significance of the values 
sven in Table 6 can be gained by comparing them with 
similat values given by others. Della-Vedowa and Rock- 
well!® found on a 100-spot run on 0.040 Alclad 24ST that 
the maximum spot — deviation from average 
26% and — 26.5%, both of oe are considerably 

reater than the + 6. 20, and — 14.5% values obtained by 
the author. Also, Hess, Wyant wet Averbach*® found 
on 0.040 Alclad 24ST that only 57% of the welds were 
within +5°% of the mean and 87% within + 10°% of the 
mean. Corresponding values obtained by the author 
were Sl and 98% 

Relative to average deviation as a per cent of the 
mean, Hess, Wyant and Averbach® found this to be 

-«j4°, on a series of 46 single-spot control welds in 
0.040 Alclad 24ST. The greater strength consistencies 
of the welds made by the author are revealed by com- 
naring the above value to the value of 3.4% listed in 
fable 6. 

Very little data on the standard deviation or coef- 
ficient of variation of spot welds are available in the 
literature. Their use as measures of dispersion have 
ippared only recently. It is felt by the author, how- 

ver, that these measures do provide a very suitable 
means of comparison of the dispersion in spot welds. 

A discussion of the meaning and significance of the 
standard deviation may be of some interest, inasmuch 
is itis not used too commonly. It is noted first that by 
definition it is equal to the square root of the mean of the 
deviations squared. Thus, it bears the same general 
relationship to average deviation from the mean that the 
average value of an a.-c. wave does to a root-mean-square 
value. Its significance is that approximately 68°, of 
the spot-weld strengths will be within a range of two 
times the standard deviation or within the range of 166 
lb. Also, approximately 95°) of the strengths will be 
within a range of four times the standard deviation or 
within 332 1b. Finally, practically all the weld strengths 
will fall within a range of six times the standard devia- 
tion, or 498 Ib. 

The coefficient of variation is nothing more than the 


Table 6—Dispersion Characteristics of Spot-Weld Shear 
Strengths in 0.0375 Aluminized Steel—100 Continuous 


Welds 

Mean strength, Ib 1850 
strength, Ib.. 1580 
kimum strehgth, Ib 1965 
Ma iximum negative deviation from 1 mean, “, —14.5 
Maximum positive deviation from mean, “;. +6.2 
\v. deviation from mean, Ib.... ; 63.2 
Ay. deviation as a % of the mean, “7... 3.4 
Standard deviation, Ib. ; 83 
Coefficient of variation, % 1.3 
Welds within +5°% of mean, % bos 81 
Welds within +10°% mean, %..... 98 

Minimum strength as a percentage of A A.F. minimum 

allowable on 0.040 coated or uncoated steel with ulti- 
mate tensile strength below 75,000 psi., “%....... 167 

Minimum strength as a percentag ge of A. A.F. minimum 
allowable on 0.040 Alclad 24ST, 457 
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standard deviation reduced to 
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the 
Chis then provides a 
method for comparing the relative scatter of two series of 
values in which the magnitude of the values varies con 
siderably, as, for example, the strengths of spot welds in 


a percentage basis, 


mean being taken as the base. 


aluminum 
alone in 


aluminized steel as compared with those in 

alloy. Comparing the standard deviations 

such a case would be of very little value. 
Only one article has been found listing a value of the 


coefficient of variation for a series of spot welds. This 
is the article written by Hess, Wyant, Stabler and 
Winsor” on the application of refrigeration to the cool 


ing of spot-welding electrodes. The article reports a 
value of 8.607) on 228 different welds made in 0.040 24S1 
Alclad. Comparing this value to the value of 4.50% ob- 
tained by the author, it can be concluded that the per 
centage dispersion in the aluminized steel was only 
half that obtained by Hess, Wyant, Stabler and Winsor 


on the 0.040 Alclad 24ST. This is felt to be fairly 
proof that, from a strength consistency standpoint, welds 
in aluminized steel are entirely satisfactory. 

Finally, the author would like to bring to the attention 
of the reader again the fact that this series of welds was 
made at a relatively high current setting. As such, the 
deterioration of the tips was undoubtedly accelerated 
with resultant increase in dispersion. Also, stick- 
ing of material to the tips began to occur after the 60th 
weld had been made. This being the case, cleaning of 
the tips at that time would probably have been desirable 
and would have tended to decrease the dispersion as 
well as to increase the mean strength. 

Relative to tip life, the only specific data obtained 
were those already mentioned in the previous paragraph, 
wherein it was noted that 60 welds were made before 
sticking occurred. The high current used undoubtedly 
tended to decrease the number of welds made without 
sticking occurring. Thus, it is felt that between 75 and 
100 welds probably could be made at a slightly lower 


Somme 


current. This compares favorably with the Electrode 
Performance Data on A.-C. Equipment given in Tabk 
A-1 of the “Tentative Standards and Recommended 


Practices and Procedures for Spot Welding of Aluminum 
Alloys.”' This table lists from 15 to 125 as being the 
average number of welds between tip cleanings for dif 
ferent companies, the average value being 46 welds 

There is a tip pickup of aluminum after the making ot 
only a very few welds. Rosenblatt'® mentions this 
characteristic as well as noting that the pickup does not 
tend to decrease weld strength; on the contrary, noting 
that it may actually increase the strength. The feelings 
of the author are in agreement with this up to the point 
at which sticking begins to occur. Undoubtedly, further 
research is needed on the matter of tip life to determine 
optimum conditions. 


X. Corrosion 


Inasmuch as it has been noted that some expulsion of 
the aluminum coating takes place both on the outer sur 
faces and on the faying surfaces during the making of a 
weld in aluminized steel, the question will no doubt arise 
as to whether or not corrosion is apt to take place at 
points where the aluminum coating is expelled. It is the 


feeling of the author that no corrosion difficulties will 
arise. 
The reason for this belief is based on the fact that 


aluminum has a higher inherent electric potential than 
steel.** This being the case, the aluminum is anodic 
to the steel and therefore will tend to deposit itself on any 
bare steel which is near by when an electrolyte such as 
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the moisture in the air is present. Thus, any steel ex- 
posed to the atmosphere during the making of a weld 
will soon thereafter acquire a thin film of aluminum over 
it, due to the galvanic action with the adjacent aluminum 
coating. This film will then prevent any further corrosion 
taking place. 

The situation is analogous to that existing with the 
Alclad aluminum alloys. No corrosion takes place at 
the edges of Alclad, even though the material be '/, in. 
thick or more. Also, scratches through the Alclad coat- 
ing are known not to be serious from a corrosion stand- 
point. 

In view of the above, it is felt that the small amount of 
expulsion of the aluminum coating which takes place 
should not be viewed with alarm. Its primary disad- 
vantage is in appearance and this is not bad when the 
domed electrodes are used. 


XI. Conclusions on Spot Welding 0.0375 Aluminized 
Steel 


|. Upper and lower electrodes having a 2-in. radius 
dome shape give very satisfactory results. 

2. The effect of surface condition on spot-weld shear 
strength is not critical. However, to increase tip life, 
improve weld appearance and nugget shape, the removal 
of dirt, grease and oxide film from both surfaces is felt 
desirable. Failure to remove oxide film from inner sur- 
faces will have little detrimental effect, however. 

4. The minimum width of specimen required to ob- 
tain maximum shear strength on a single-spot lap weld is 
2 in. 

4. The minimum width of ‘““U”’ types pecimen, which 
should be used to obtain maximum strength, is 2 in. 

5. The surface indentation of good welds on alumi- 
nized steel is more than that existing on aluminum alloy. 
A value of about 17° is to be expected on this gage mate- 
rial. 

6. Welds are at least as ductile as those in 24ST 
Alclad aluminum alloy. The minimum ratio of ‘U”’ 
tensile to shear strength to be expected is about 30°). 
The maximum ratio is about 45°>. 

7. Very high values of shear strengths can be ob- 
tained. The maximum value is approximately 2100 Ib. 
Shear strengths considerably and consistently above the 
A.A.F. minimum of 945 Ib. are easily obtained. 

8. The optimum current setting at 10 cycles is felt 
to be about 15,000 amp. At 5 cycles, it is felt to be 
about 18,000 amp. This will give an av. strength of 
about 1800 Ib. at a tip pressure of 700 Ib. 

9. The optimum tip pressure is about 700 Ib. 

10. The squeeze period has very little effect on weld 
shear strength. It should not be too low, however. 

11. The hold period has no effect on weld shear 
strength. 

12. Increase in time of current flow from 2 to 10 cycles 
greatly increases weld strength. The effect of greater 
time is not known. 

13. The dispersion of shear strengths of welds made 
in this material is very low. 

14. The tip life is about the same as that for alumi- 
num alloys welded on similar equipment and under 
similar conditions. 

15. For etching this material to reveal weld struc- 
ture for taking macrographs, a suitable etchant consists 
of 2°) nitric acid and 10°% picric acid in alcohol. The 
optimum etching time is about 12 sec. 7 


XII. Suggestions for Further Research 


It is realized by the author that the investigations car- 
ried out cover only a very small portion of the problem 
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as a whole. Some of the many phases of the w 
remaining for investigation are tabulated below. 

1. A more thorough investigation of effect of ; 
current flow on weld characteristics, tip life and 
sion to definitely determine optimum time setting 
work will need to be done for all the various thickn 
metal used. 

2. The determination of minimum specime: 
for single-spot lap welds in thicknesses other thy {} 
0.0375 in. 

5. The determination of optimum current an 
sure settings for thicknesses other than the 0.037 

4. The determination of optimum current, ti: 
pressure settings for combinations of aluminized st« 
stainless steel in various thickness combinations 

5. The characteristics of spot welds in combin 
of aluminized steel and aluminum alloy. 

6. The effect of refrigerating the tips on ti, 

7. The most suitable cleaning solution to use 1 
a low contact resistance. 

8. Further investigation of the effect of tip sh 
both the thickness tested and for other thicknes 
definitely determine optimum tip contour for all 
nesses and material combinations. 

9. Salt spray tests to determine resistance of 1 
rial to corrosion after being welded. 

10. The fatigue strength of welds. 

ll. The effect of cold rolling of the material by 
welding on welding characteristics. 

12. The determination of spot-weld 


spacings 
maximum efficiency 
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External Load and Their Effect on 


HIS investigation was carried out under the au- 
spices of the Ukrainian Academy of Sciences 
Institute of Electric Welding, for the purpose of 

making a basic experimental study of the following 

three problems: 

|. Effect of residual stresses on the strength of the 
base metal in welded constructions subjected to 
static, repeated or vibration loading. 

2. Effect of high welding current intensity on the 
strength of the base metal. 

3. Effect of premature plastic deformation produced 

during loading, on the safety of the welded 

structures. 


General Method 


The influence of shrinkage stresses upon the strength 
and permanent deformation of welded constructions 
was determined by comparing identical specimens 
some of which contained residual stresses and the others 
vere “‘stress free.’’ The latter group comprised speci- 
mens which were (a) unwelded or ()) stress relieved, 
ulter welding), by heating for 2 hr. at 550° C. followed 
by slow cooling in the furnace. The welded specimens 
were produced from annealed stock; the unwelded speci- 
mens were not heat treated. 

rhe tests were conducted in four series, as follows: 

|. Preliminary tests to study what effect the ductility 

of the metal has on the residual stresses under 
load. 
-. Tests on weldments subjected to static tensile and 
compression loads. 
Tests on plate girders subjected to bending. 
Tests on lattice girders subjected to bending. 
_ The tests in each of the last three series were per- 
lormed with static, repeated and vibration loads. 

Special preliminary tests showed that for a small 
number of loadings (up to 10,000), the same effect was 
produced by repeated loading as by sustained static 
loading. This was ascertained by comparing the 
An extended abstract of the book, Vpliv Zsidalnich Naproug na Mitsnist 
érarnich Konstrukzii, by Acad. E. O. Patton, Prof. B. M. Gorbounov and 


Ing. D. O. Bershtein, Ukrainian Academy of Sciences, 133 pp., Kiev (1937). 
Abstracted by M. A. Cordovi, Research Assistant, Welding Research Council 
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specimens, subjected to the two types of loading, on the 
following basis: 


1. Amount of loading for which the yield point of the 
material was attained and the amount causing 
its failure. 

2. Permanent deformation—(a) of the entire con- 
struction (set) and (db) local. 


The local yielding of individual fibers was not con- 
sidered as an indication of loss in resistance. 

In the tests where vibration loads were employed, the 
criterion was the number of cycles of load withstood by 
the specimen before failure ensued. 


Behavior of Shrinkage Stresses in a Ductile Material 


In a construction which has been subjected to service 
conditions, the stresses produced by the external load 
combine themselves with those resulting from shrink- 
age. If the metal possesses sufficient ductility, local 
flow and plastic deformation will ensue where the sum 
of the shrinkage and working stresses exceeds the local 
yield point of the metal; subsequently, the residual 
stresses will be reduced. However, with less ductile 
metals, plastic flow may not take place and therefore 
the residual stresses will not be relieved. 

To elucidate this question, shrinkage stresses were 
induced in plates F;, Fy, F3, (Fig. 1), by depositing a 
weld bead 0.39 in. wide, 0.16 in. thick with a 0.19-in. 
lightly coated electrode (240 amp.). A second group of 
specimens, F;, Fs and Fs, were d.-c. are butt welded with 
lightly coated electrodes (210-300 amp., four layers 

Specimen F; was not subjected to any load whereas F, 
and F; were loaded in tension to 21,500 and 28,400 psi., 
respectively. The plates were then sawed into small 
sections and the longitudinal shrinkage was determined 
by measuring the change in length between pairs of 
marks before and after cutting. These measurements 
were converted to shrinkage stresses and the values so 
obtained are represented graphically in Fig. | 

The results indicated that the residual stresses were 
reduced appreciably due to the plastic flow produced by 
the combined effect of working and shrinkage stresses. 

In the second series, /y was not loaded; /; was loaded 
in static tension up to 49,700 psi. and unloaded upon the 
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first indication of flow in the metal; specimen Fs, was 
subjected for 15 min. to a constant static load of 50,700 
psi. Following the same procedure as with specimens 
Fi, F2, Fs, the shrinkage stresses were calculated and 
plotted in Fig. 1 (6). Analysis of the results so obtained, 
revealed once again that the residual stresses were re- 
lieved by the action of the combined working and shrink- 
age stresses. 

It was inferred therefrom, that the weld metal was 
sufficiently ductile to permit plastic flow which, in turn, 
promoted relief of residual shrinkage stresses. 


Il—Tests of Plates and Tubes Subjected to Static 
Tensile and Eccentric Compressive Loads 


A. Plates 


The type and size of the specimens used in these tests 
are shown in Fig. 2. Residual stresses were produced by 
depositing longitudinal or transverse beads with a 
lightly coated electrode (240 amp.). One unwelded 
plate of the same type and size was used in each series of 
tests for comparison. All specimens were subjected to 
static tensile loads, the resulting deformations being 
measured with sensitive Huggenberger extensometers and 


deformeters. 
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Specimen F,—Bead Deposited on Surface by Arc 
Welding (Not Subjected to Tensile Loading) 


19 


Specimen F, Arc Butt Welded (Not Sub- 
jected to Tensile Loading) 


Specimens A to D (Fig. 2 (a, b)) were loaded ; 
sively to failure; specimen E (Fig. 2 (c)) was subje. 
repeated tension and G to vibration (alternatin 
sion-compression) loads. 

The values of the recorded stresses and plastic de! 
tions are represented in Figs. 3 (a) and 3 (b). 1 
served data are summarized in Table 1. 
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B. Tubes 


Shrinkage stresses were induced in Tube HH450, | 
by depositing three longitudinal beads with a |; 
coated electrode (0.52 in. diam., 350 amp.). Th 
welded tube Ho was used for comparison. The be: 
produced by the eccentrically applied (e = 1.8 in.), 
pression load was the same for /7J) as for F459; the | 
however, contracted a smaller amount due to th: 
that the residual tensile stress (+) subtracted, rathe; 
than added, itself, from the external compression s| 
(—). 

The welded tube (4/359) buckled under an estin 
critical load of 21,200 psi. and tube 7p under a load 
20,520 psi., from which it was surmised that the shrink 
age stresses contained in /7/359 did not reduce the resist 
ance of the tube. 
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Specimens F,, F;—Bead Deposited on Surface by Arc Weld 
(Subjected to Static Tensile Loads) 


2.16 
Fa} 0.08 


Specimen F,, F;, F;—Welding Details 
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Specimens F;, F;—Arc Butt Welded (Subjected to Static Tensile subj 
Loads) tive 
Fig. 1—Effect of Metal’s Ductility on the Behavior of Shrinkage Stresses iner 
US 
2 
34,100 LB/IN pret 
28400 
2 
42,660 LB/IN 22,700 4 stre 
28,440 17,000 
11,3004 
14,220 5,650 4 
+ pa 
_o -O flor 
5,650 | 
14.220 11,300 | lo 
28,440 17,000 mt 
Cl 
6.9 5.8" rol 
Fig. 1(a)—Behavior of Residual Stresses Under External Load. Fig. 1(b)—Behavior of Residual Stresses Under External Load me 
Specimens with bead deposited on both surfaces. Arc butt-welded specimens. aint 
Fy = not loaded. fF, = loaded in tension to 21,500 psi. fF, = F, = not loaded. fF; = loaded in tension to 49,700 psi. tri 
loaded in tension to 28,400 psi. loaded in tension to 50,700 psi. de 
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[he results for parts A and B of this series, as sum- 
marized in Table 1, show that in no case was strength ad- 
versely affected by the presence of shrinkage stresses. 
Che data listed in this table also give the relative local 
plastie deformations for corresponding sections in the 
welded and unwelded specimens (that is, for specimens 
with and without shrinkage stresses), which had been 
subjected to a stress of 14,220 and 19,900 psi., respec- 
tively. Although these deformations were appreciably 
increased by the residual stresses, they were not danger- 
ous in view of the fact that strength was hardly affected. 
Che results of these tests make it possible to give a 
precise account of how specimens loaded in tension or 
compression would behave when subjected to shrinkage 
stresses. 
Tensile Loading.—In this case, the stresses pro- 
‘uced by the external load combine with the peak stres- 
ses produced by shrinkage. Up to a certain limit, ap- 
parently depending on the width of the specimen, plastic 
flow in the overstressed fibers is retarded by the action 
of the less strained neighboring fibers; nevertheless, 
local plastic flow is produced. As a result, the maxi- 
ium stresses are reduced and this particular peak in the 
curve, representing their distribution, 1s widened and 
rounded. The local plastic flow, which is already pro- 


moted at small loads (lying below the limit of per- 
missible loads), effects a modification of the stress dis- 
tribution in the cross sections and introduces permanent 
These deformations (stretch- 


deformation in all fibers. 


Fig. 2—Details of Specimens Subjected to Tensile Loads 
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(h) 


ing) are essentially the same in the center and the ends 


of the cross section of the bar. In welded lattice girders, 
these plastic deformations produce a permanent deflec 
tion of the beam; this fact necessitates a predistortion 
in the opposite direction) prior to welding. 

(b) Compression Loading.—The stresses produced in 
bars subjected to external compressive loads detach 
themselves from the peak tensile stresses promoted by 
shrinkage near the beads, and combine with the com- 
pression stresses induced by shrinkage in the extreme 
fibers of the joint. Depending on the magnitude of these 
stresses, the amount of local plastic flow and the over- 
all shrinkage of the piece may decrease or increase. 
Thus 1n the case of compression loading, shrinkage stres- 
ses may somewhat retard the advent of plastic deforma- 
tion. 

(c) The maximum permanent deformation produced 
by the application of a given amount of external load 
undergoes no further change upon maintaining at or 
reloading to the same amount of external load 

(d) In view of the ductility of soft steel and of the 
plastic deformations which occur at smaller than per- 
missible external loads, the shrinkage stresses do not re- 
duce the static resistance of weldments subjected to ten- 
sion or compression; that is, these stresses have no effect 
on the yield point, tensile strength or on the critical 
resistance to buckling of soft steel weldments. 

(e) The local or total plastic deformations which ap- 
pear at lower than maximum permissible loads, do not 


475-s 


es. 
Ay Ao Ay (Ag) &2048-0.50 t-0.4§ C, t-Q61 
ob 
steel: Soft Steel: Soft Steel: 
As B, = with ngit bead Gi with transverse bead 
4 = unwelded C. = unwelded 
sect.: 
3 b aa bb dD; 2-16 t=0.43 
her ‘ 4 a 
ress f 
ae 
a 
nk 
ist > 
i 
| 
— — 
ig 
Specimens: Specimens: 
beads icngitudina! bead 
E, = as-welded = as-welded 
a 
Tae 
4 
> 


Haso 350 
Ho 


endanger the safety of the construction; such phenomena 


Weld- 
ing 
Cur- 
Speci rent, 
men Amp 
A, 240 
Ae 240 
Ay 240 
A, 


Bz 
200 
C2 
dD, 370 
Dz 370 
D; 
I 240 
EF, 240 


Con- 
tains 
Shrink- 
age 
Stresses 
Yes 
Yes 
No 
No 
Yes 
No 
Yes 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 
No 


Yes 
No 


Loading 


Static tension 


Static tension 


Static tension 


Static tension 


Repeated ten 
sion 


Alternate ten- 


sion com 

pression 
Eccentric com- 

pression 


are indicative of reduced residual stresses. 


(f) The dynamic resistance of two specimens sub- 
jected to vibration loads appeared to be more adversely 
affected by superficial irregularities in the plate and weld, 
rather than by the residual stresses. 
number of tests was too small to warrant a definite con- (a) 
clusion. 


Ill 


Bending Tests of Beams 


The tests in this series were performed on: 


|. Double T-joints, welded symmetrically with re- 
spect to the center of gravity of the cross section. 
T-joints, with unsymmetrical welds. 


9 


Bars 


42660 As 


with transverse weld beads. 


4 


A 


A2 


0.39 


Fig. 3 (a)—Permanent Deformations of Specimens Made of 
Hard Steel (See Fig. 2) 
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Table 1—Results of Tension and Compression Tests on Plates and Tubes 


Ultimate Stress, Psi. No. of Effect of 
At At Loadings Shrinkage 
Yield Point of Causing Stresses on 
Point Rupture Failure Strength 
55,080 None 
18,070 None 
44,370 


42,920 


40,620 50,900 None 

37,540 49,770 

25,000 52,330 None 

25,000 50,900 

10,810 50,900 None 
440,100 49,060 None 

38, LOO 50,340 

46,500 None 


$6,500 None 


Ratio of 
Deformatio: 
mens 


For 
14,220 
Psi 
7.0 
6.0 


18.5 


Too large 


C 
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age 


80,800 
50,700 


20,190 


20,550 


Ne me 


the diam. electrodes (170-175 amp.). 


The observed and calculated data are summar: 
Table 2, in which are compared the ultimate lo 
permanent deformations of the beams; 
the welding current employed is also listed ther 
specimens were welded with lightly coated, 


The double T-joiits Wa and Wn (Fig. 5 


subjected to bending under vibration loads. 


for Wa and 37,500 psi. for Wn. 


joints. 


42660 Ib/jin2 


the Stre! 


stress relief heat treated after welding and was pri 
to be stress free, whereas Wn was annealed befor: 
ing and, therefore, contained locked-up welding str 
The amplitude of the alternating stresses was 36,000 
Specimen Wa 
after 215,330 loadings while Wn withstood 313,070 | 
ings before cracks developed in the lower flanges : 
The shrinkage stresses were found to decr 
the strength of the beams, in this particular test. 


0.39 0.78 1-56 
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Steel (See Fig. 2) 
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Fig. 3 (6)—Permanent Deformations of Specimens Made of Soft 
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Fig. 4 Details of Tubes Subjecte 


Double T-joints Bn and Ba (Fig. 5 (b)) were 
tested 1n static bending at constant load. Bn contained 
residual stresses whereas Ba was stress relief heat treated 
iter welding. The tests showed that up to the yield point, 
the permanent bending of beam Bn was considerably 
greater than that of the ‘“‘stress-free’’ Ba. The same rela- 
tionship existed between the local permanent elongations 
of the stretched flanges in the two beams. This showed, 
that the application of load to the overstressed portions 
of the joints had produced plastic deformation which 
relieved the residual stresses. 

c) Specimens By and Bag (Fig. 5 (c)) were tested in 
static bending. The joints were not heat treated either 
before or after welding. However, By was welded by 
using a weak current (140 amp.) whereas a strong current 
oJ0 amp.) was employed in welding By. The per- 
manent bending appeared to be the same in both beams; 
uevertheless, the yield point of By was attained at a 
‘Yo larger load than for By. The effect of stronger 
welding current on the resistance of the beams was not 
sharply defined and seemed to be negligible. 

/) The T-joints 7a (annealed) and Tn (not heat 
treated) Fig. 5 (d), were subjected to bending under 
maintained static load. The elastic limit of the parent 
metal (7a) was found to have decreased after annealing. 
‘omparison of the permanent deflections in the two joints 
igvealed that at small loads, they were larger in 7 than 
i the annealed beam Ta. 
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n tube T: Imp.). 
d to Eccentric Compressive Loads 


(e) The T-joints Tyo and 7%; (made of angles ) Fig 
5 (e), were tested in pulsating bending. A weak current 
(140 amp.) was used to weld 74 and a stronger current 
(375 amp.) to weld 7375; neither of the beams was heat 
treated. The yield point for both beams was reached 
for the same amount of loading. Strength or the amount 
of deflection were not affected in any way by the stronger 
welding current. 

(f) Specimens (unwelded) and (transverse 

beads deposited with strong welding current) were sub 
jected to static bending with sustained load. The 
permanent deflections were almost identical in both 
beams. No effect of welding was observed on the 
strength of the beam. 
Tubes Vo (unwelded) and V9 (transverse beads 
deposited with a strong welding current) were tested in 
static bending at sustained load. The yield point of 
both tubes was attained for the same amount of loading 
at which buckling of the compressed portions of the tubes 
ensued. The permanent deflection of both tubes was 
identical. The shrinkage stresses had no effect on the 
strength of the tubes. 

Analysis of the results obtained, Table 2, leads to the 
following principal conclusions: 

(a) Shrinkage stresses do not decrease the resistance 
of beams subjected to static loads—whether these loads 
are applied one or more times. 

(6) Working stresses, produced from external over- 
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oads, in combining themselves with the shrinkage 
stresses, promote a local flow in the metal and as a result, 
the shrinkage stresses are equalized and partially relieved. 
Consequently, this plastic flow produces permanent de- 
flection at loads lying within the permissible range. The 
maximum permanent bending is produced at the time 
of the first loading and undergoes no further changes on 
reloading to the same amount of vibration load. Fur- 
ther increase 1n permanent bending is only possible if the 
external load is increased. 


angles and assembled by means of fillet-weld 
plates. The static bending test to which t} 
were subjected disclosed that the compression (io, 
in Lb buckled under a load of about 70 tons wher <:o, 
annealed girder (Lr) it withstood only a load 
45 tons, before flow ensued in both corner joi; 
upper flanges. It is impossible to compare 
mate loads in view of the influence exerted by t} 
ing treatment. 
The recorded deformations revealed that in b 
ers, small loads had produced local permanent 
tions and permanent deflection. In so far as t! 
tude of these deformations was found to be co 
in both girders, it was concluded that in lattic: 
constructed with fillet-welded gusset joints, th: 
nent set and local permanent deformations ar: 
only to shrinkage stresses but also to the conc 


c) The permanent bending does not constitute dan- 
ger in so far as the strength of the beam is concerned. 
On the contrary, it indicates a relief of residual stresses 
and a relaxation from internal restraint. Whenever 
necessary, these deformations may be controlled by pre- 
bending (in the opposite direction) or by adopting an 
appropriate welding sequence (such as, welding the ten- 
sion before the compression flanges). of working stresses in the weld and to th 

(d) The welding of beams at high current intensity strains resulting from the rigidity of the joints 
has no effect whatsoever on strength or permanent 2. The lattice lozenges La (stress free) and / 
bending, which remain the same as for beams welded at taining residual stresses), Fig. 7, were tested in stat; 
low current intensity. sion. These additional tests were necessitated by thy 

(e) The rather unsatisfactory fatigue results for ability to determine the effect of shrinkage stresses on {| 
beams subjected to residual stresses, preclude any final strength of lattice members in the preceding test. 1) 
conclusions in view of the small number of specimens results, Table 3, revealed that the elastic limit stress . 
used in the tests. Thus, a comprehensive investigation well as the breaking load were of the same order for th, 
seems desirable in order to establish the data which are 
necessary in order to plot fatigue curves analogous to 
Wohler’s, for beams with and without shrinkage stresses. 


stress-relieved lozenge (La) as for the one cont 
residual stresses (Lm). The permanent deforn 
were likewise found to be comparable. These finding 
proved once again that the permanent deformations 
lattice structures, are produced not so much 
residual stresses as by the stress concentration 
IV—-Lattice Girders Subjected to Static Bending edge of the welded seam. 
3. The small lattice beams 2a and 2n, Fig. 8, were sub 
jected to reverse bending. For the middle panels, th 
amplitude of the alternating stresses was 28,300 psi 


All 


1. Two identical girders—Lr (stress relieved) and Lb 
(containing residual stresses), Fig. 6—were made of 
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(b) Specimens Bn, Ba Used in Static (c) Specimens Bis, Bs Tested in 
Bending Tests (at Constant Los 
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deposited on 
surface) 


(d) Specimens Ta, Tn Sub- (e) Specimens Tis, Ts7s (f) Specimens Us, Uso (9) Tube Vion Subjected t 
; ; S ; 2 sncir nding at anatan? 
jected to Reverse Bending Used in Stdtic Bending Tested in a Bending Static Bending at Consta 
Tests (Constant Load) oad 


Note: Index a = stress relieved: n = not stress relieved; numbers indicate welding current intensity used in preparation of 
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Fig. 5—-Details of Specimens Used in Bending Tests 
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Beam 2n (containing residual stresses) withstood 
51,800 loadings before a crack ensued in the upper (angle 
iron) flange. The fractured parts were joined together by 
means of a cover plate and the beam withstood an ad 
ditional number of 6500 loadings, before the upper angle 
failed in two places. The total number of loadings 
therefore was = 58,100. 

Jeam 2a (stress relieved) withstood 37,545 loadings 
before failure occurred in two places in the upper flange. 
Following the same procedure as with specimen 2n, the 
fractured parts were joined and the beam withstood addi- 
tional 16,170 loadings for a total of 58,715. 

Thus, no difference was observed in the dynamic re 
sistance of the two beams. The nature of the fractures 
disclosed that the stress concentration at the edge of the 
welded seam rather than shrinkage stresses was the 
principal factor originating the fatigue fracture. 


Conclustons 


The more important findings from the tests on lattice 
girders are summarized in Table 3. Analysis of these 
data indicates that the resistance of beams containing 
shrinkage stresses, was as good as that for the ‘‘stress 
iree’’ beams. By calculating the ratio between the 
largest local deformation in the beam containing shrink- 
age stresses and in the one that was stress free, it was 


Fig. 6—Tests of Lattice Girders 


Table 2—Results of Tests on Plate-Web Girders 


BEHAVIOR OF RESIDUAL STRESSES UNDER EXTERNAL LOAD 


Ratio of Perma 
nent Distortions in 
Weld- Con- Beams Containing Psi at Max. 
ng tains Load at No. of Effect of Shrinkage Stres Stressed Fiber) 
Cur- Shrink- Vield Loadings Shrinkage ses and Those Corresponding to 
Speci rent, age Point, Causing Stresses on Without Shrinkage Ratio Given in 
Amp. Stresses Loading Tons Failure Strength Stresses Preceding Column 
175 Yes 215,330 Some 
we 175 No ibration 313.070 J 
2y 205 Yes Constant {36.3 None 14,490 
205 No static 36.7 
140 Small Constant {43.7 Indefinite 1.14 10,670 
390 Large static 10.0 0.76 19,200 
Ty 220 Yes Repeated 22.7 None 1.75 32,700 
220 No static 22.4 
140 Small Repeated 28.0 None 1.10 55,460 
375 Large static 28.0 
400 Yes Constant 52.6 None 0.85 18,340 
No static 


None O 85 14,220 


Fig. 7—-Lattice Lozenges Subjected to Static Tension 


possible to compare the local permanent deformations; 
for a stress of 14,220 psi. these deformations were found 
to be about the same in both beams, whereas for a stress 
of 19,900 psi., smaller deformations were found in the 
beam containing residual stresses. It follows that for 
lattice girders, shrinkage stresses do not have a greater 
effect on the deformations, than the other factors 1n- 
volved. The results of these tests permit the following 
general conclusions regarding lattice girders 

(a) In fillet-welded lattice girder members, the 
stresses produced by the external loads distribute them- 
selves une\ enly, forming peaks at the edge of the weld 
seam and in the corners between gussets. In combining 
themselves with these working stresses, the shrinkage 
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the shrinkage stresses, cause local plastic flow 
stresses become equalized. Subsequently, the s| 
stresses are partially relieved and disappear co: 
upon reaching the yield point of the metal. 
Therefore, if the stresses produced by an over! 
smaller or equal to the allowable stresses, the sh 
stresses contained in the construction will be | 
magnitude in regard to the ones induced by th, 
load. The safety of the structure, however, wil! 
obstructed even if the sum of the working and s| 
stresses is greater than the allowable stress. 


(b) Effect of Residual Stresses on Strength 


In 17 out of the 19 tests which were perform 
strength of the base metal was not found to be red: 
shrinkage stresses, when the construction was subi 
to static or vibration loads. 

The dynamic resistance of fillet-welded lattice gird 


Fig. 8—Tests of Small Beams Used in Lattice Structures members is affected principally by the stress concentra 


Table 3—Results of Tests on Lattice Girders 


Ratio of Permar 


formations in Spe: 
Weld- Con- with and With 
ing tains Ultimate Load, Tons Effect of sidual St 
Cur- Shrink- At At Shrinkage Foro = | 
Speci- rent, age Yield Breaking No. of Stresses on 14,220 AD 
men Amp. Stresses Loading Point Point Loadings Strength Psi Pp ! 
Ly 178 Yes | “heer 152.3 None 1.2 
L, 178 No } wtatic 94.5 : 
Rs 200 Yes \ Constant J 72.8 114.2 None 1.0 
Dn 200 No | static 73.9 115.4 ry 
2h 78 Tes 58, 10) None 
= Vibration 98, 100 None 


53,175 


stresses do not contribute to their uneven distribution. tion at the edge of the weld seam rather than by shrink 
(6) In places where these stresses exceed the yield age stresses. 

point of the metal (increased by the supporting action 

the less strained neighboring fibers) (c) Effect of Residual Stresses on Permanent Deformation 

local flow, thereupon local plastic deformations and per- This investigation has shown that local (in individual 

manent set of the structure ensue. fibers) as well as total permanent deformations | 
(c) The local or total permanent deformations are not be produced in a welded construction even under 

due solely to shrinkage stresses but are originated by comparatively small loads. The concensus diffe: 

other factors as well—especially by the concentration great deal regarding the importance which should lx 

of stresses at the edge of the welded seam. tached to these deformations; some investigators co! 
(d) The plastic deformations, produced at small sider them to be dangerous for the strength of welded 

loads, do not constitute a dangerous factor for the safety structures. 

of the structure; on the contrary, they indicate the par- 

tial relief from high local overstresses. 


The present investigation, however, has shown con 
clusively that such deformations do not endanger th: 
safety of a welded construction; they are promoted 
by the local flow produced in spots containing peak work 
eats . ing and shrinkage stresses, the sum of which exce 
(a) Shrinkage Stresses and Overloads the local yield sctut. In lattice girders, plastic deform 
These tests have confirmed the necessity of distinguish- tions, at small loads, are caused not so much by th 
ing between the magnitude of shrinkage stresses and shrinkage stresses as by the additional stresses induct 
their influence on constructions which have not been _ by sharp corners, rigidity of the joint and the stress « 
loaded and on those which have been subjected to ex- centration at the welded seam. 
ternal overloads. The residual stresses produced by 
weiding may, on their own accord, attain very high values 
(up to the yield point) even if no external forces act on the 
welded construction. When the overload starts to exert 
an effect, the working stresses so produced, combine with 


General Conclusions 


Finally, this investigation has shown that local pe! 
manent deformations or a permanent set, produced 
small loads, are far from being dangerous in so far as 1! 
strength of weldments is concerned; on the contrary, th 
indicate a relief of residual stresses in the construction 
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The Ettect of Time and Temperature 
on the Relief of Residual Stresses in 
Low-Alloy Steels’ 


By J. K. McDowell! and Lt. Col. Paul C. Cunnick' 


Abstract 


efiect of time and temperature on the relief of residual 


esses was determined for five different steels. Specimens 0.505 


liameter were stressed in a fixture to values just above the 


‘eld point. The specimen and fixture were then subjected to 
stress-relief heat treatment and the amount of stress remaining in 
the specimen determined by measuring with an electrical strain 
amount of relaxation taking place when the load was re- 


esidual stress remaining in test specimens after treatments 
f 1,4 and 8 hr. at temperatures of 900, 1000, 1100 and 1200° F. 
vas determined for each steel. None of the steels reacted exactly 


be presented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, 
», Oct. 16 to 19, 1944 
lished with the Permission of the Office of the Chief of Ordnance, Army 


service Forces, and of the National Defense Research Committee of the Office 
f Scientific Research and Development. The research was financed by the 
rdnance Department and carried out at Rock Island Arsenal under the gen- 


ral direction of the War Metallurgy Committee. This paper was originally 
fon March 15, 1944, by the War Metallurgy Division, NDRC, asa final 
report, Serial No. M-230, OSRD No. 3406 
1 Rock Island Arsenal 


Fig. 2—Fixture and Strain Indicator Used in Determination of 
Effect of Time and Temperature on Relief of Residual] Stresses 


alike to the various heat treatments, some showing larger increase 


in per cent stress relief than others as the time at temperature or 


temperature was increased 
With one exception, a heat treatment of 1 hr. at 1200° F. lowered 
residual stresses in the specimens to 2500 psi. or less. Stresses were 


lowered to 10,000 psi. or less by heat treatments varying from 8 
hr. at 1000° F. to 4 hr. at 1100° F. 


Introduction 


HE relation between temperature and time at 
temperature for adequate stress relief was one of 
the problems recommended for study in the sur- 
vey made for the National Defense Research Committee 


Fig. 1—Fixture Used in Determinatica of Effect of Time and by R. H. Aborn and J. R. Stitt in the latter part of 1941. 
Temperature on Relief of Residual Stresses This survey revealed that suitable stress-relief heat treat- 
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ments for plain carbon steels had been developed largely 
empirically, though supported in part by some indirect 
experimental data. No such background existed for 
alloy steels and some trouble had been encountered in 
stress relieving ordnance structures of low-alloy steels to 
meet the required degree of dimensional stability. 

This problem was divided into two parts, the first deal- 
ing with the measurement of residual stress in welded 
joints using Stewart’s relaxation method, and the second, 
the determination of actual time and temperature re- 
quired to obtain machining stability in a weldment. The 
first part of this investigation was assigned to Rock Is- 
land Arsenal and the latter to Professor J. R. Stitt at 
Ohio State University. 

The method used by W. C. Stewart of the Naval En- 
gineering Experiment Station, Annapolis, Md., consisted 
of stressing a specimen in a fixture to a predetermined 
value slightly above yield point of the material, subject- 
ing the specimen and fixture to a stress-relief heat treat- 
ment, and, after cooling to room temperature, measuring 
the relaxation which took place in the specimen when 
the load was released. This procedure was repeated for 
the desired number of stress-relief heat treatments. The 
stressing fixture and specimens were made of the same 
material in order that expansion characteristics would be 
the same and thus eliminate any additional stresses 
which might be set up during stress-relief heat treat- 
ment. A Type A Huggenberger Tensometer was used 
for measuring strain when the load was applied to the 
specimen and when it was released. 

In the original outline it was planned to conduct the 
investigation on five low-alloy steels widely used in gun 
mounts and tank parts, namely, S.A.E. X-4130, S.A.E. 


Fig. 3 
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which would not lower the physical properties | |p ¢p, 

minimum required for each steel. The followin 
would also be determined. 

(a) Influence of specimen thickness on the degree 

stress relief obtained for a given time and tey 


At a meeting held at Rock Island Arsenal on \{ay 97 
and May 28, 1942, with G. S. Mikhalapov, Supe: 
Welding Research, War Metallurgy Committee, 
detailed program for the subject investigation was out 


lined. 

Among the more important points decided «it this 

meeting were the following: 

(a) The steels to be used in the investigation wou! 
be NE 8630, S.A.E. 4130 and a manyganes 
silicon-chrome-molybdenum steel in the 7(),(i 
psi. yield strength class and a manganese-sil; 
con-chrome-molybdenum steel and any oth 
readily available high-tensile, low-alloy ma 
terial in the 50,000 psi. yield strength class 

(6) The effect of various stress-relief heat treatments 


perature of treatment. 
(6) Relation between residual stress and th: 
tion of proportional limit and yield strength 


on the virgin steels would be determined first 
This decision was based on the fact that the us 
of a specimen containing a welded joint would 
introduce an unknown variable since it would 


3120 and the following high-tensile, low-al), 
manganese-molybdenum, manganese-silicon-chr 
lybdenum and manganese-vanadium. 
were to be taken from a transverse section of 
joint and stress-relief heat treatments would b. 
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checks on '/,-in. and 1-in. diameter specimens 
ofter to determine possible difference in behavior 
Heat Treatment of lighter and heavier materials. 
SAE ) ( Three different stress relief times and four dif- 
£ 4I | ferent temperatures would be used in the in- 
vestigation, the maximum temperature being 
that which would not lower the yield strength 
of the material below its rated value. The 
maximum practical stress-relieving tempera 
ture was considered to be 1200° F. since at 
higher temperatures considerable scaling takes 
place and deformation may occur in some 
weldments. 


Maur 
why. 


Due to inability to procure some of the steels, several 
1000 7100 ~ 7200 others were substituted for those originally decided 
Stress Relief Temperature — °F. upon. It was also impossible to obtain all of the steels in 
; the desired shapes and it was necessary to use what was 

Fig. 7 available. 

The five steels actually used in the investigation were 
not be possible to determine whether the relief S.A.E. 4130, NE 8630 and a copper-nickel-phosphorus 
occurred in the weld metal, heat-affected zone 
or parent metal. It was also considered that, 
by first obtaining data on the performance of 
the steel itself, a basis would be obtained for ees 
future investigation of the performance of weld Steel Condition Shape 
metal and welded joints. As-rolled 1-in. plate 

he bulk of the work would be conducted on 
().505-in. diameter specimens taken from 1-in. NE 8630 Normalized 4-in. square bar 
diameter bar stock. Plate and bars of other 5.A-E. 4130 Normalized 1'/,-in. square bar 
thicknesses would be investigated to obtain 
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As-rolled 900° F. 1000° F. 
Tensile strength, psi. 87,750 80,400 80,350 
Yield point, psi. 61,500 61,300 63,000 
Elongation in 2 in., % 30.1 37.4 37.1 
Reduction of area, % 66.0 72.9 71.8 


Composition: C,0.14 Mn, 1.16 


Note: All specimens longitudinal to direction of rolling. 


Carbon-Manganese Steel, 1-In. Plate 
P, 0.048 0.023 Si, 0.07 Cu, 0.20 


Table 2—Chemistry and Physical Properties 
Manganese-Silicon-Chrome Steel, 1-In. Round Bar 
Composition: C,0.16 Mn, 0.73 P, 0.033 §S, 0.024 Si,0.98 Cr,0.60 Zr, 0.095 


Tempered————_-— 
1 Hr., 16 Hr., 
1100° F. 1200° F. 1200° F. 
80,250 85,600 32,200 
64,000 63,000 65,000 
36.1 30.3 30.4 
71.2 65.7 66.5 


—Tempered———— 

1 Hr., 1 Hr., 1 Hr., 1 Hr., 16 Hr., 

As-rolled 900° F. 1000° F. 1100° F. 1200° F. 1200° F. 

Tensile strength, psi. 75,500 76,800 76,400 77,200 74,100 70,650 
Yield point, psi. 51,200 54,750 56,700 57,800 57,200 . 53,600 
Elongation in 2 in., % 34.8 33.4 34.3 31.3 32.9 35.4 
Reduction of area, “; 63.5 64.6 64.8 62.4 64.6 68.8 


Copper-Nickel-Phosphorus Steel, 1-In. Plate 
Composition: C,0.10 Mn,0.65 P, 0.098 S, 0.027 Si, 0.07 Cu, 1.12 Ni, 0.62 Cr, 0.05 


1 Br., 1 Hr., 
As-rolled 900° F. 1000° F. 
Tensile strength, psi: 71,400 86,000 90,000 
Yield point, psi. 58,750 73,250 77,700 
Elongation in 2 in., % 33.8 28.2 25.9 
Reduction of area, % 64.5 58.3 57.3 


Note: All specimens longitudinal to direction of rolling. 


Composition: C, 0.30 Mn, 0.79 P, 0.016 


1 Hr., 
Normalized 900° F. 1000° F. 

Tensile strength, psi. 98,400 92,100 90,500 
Yield point, psi. 62,500 66,700 63,800 
Elongation in 2 in., 25.1 29.2 30.0 
Reduction of area, —% 59.1 60.8 61.8 


steel in the 70,000 psi. yield strength class and a manga- 
nese-silicon-chrome and a carbon-manganese steel in the 
50,000 psi. yield strength class. 


Experimental Work 


As stated previously in this report, it was necessary to 
substitute several steels for those originally planned. In 
addition, l1-in. diameter bars were not readily available 
and were procured for only one of the steels. The 
shapes purchased were those which could be obtained 
with the least delay. Table 1 lists the five steels used in 
this investigation, their condition as used in the tests and 
the shapes from which specimens were cut. 


not only in the conditions listed in Table 1, but also after 
being subjected to 1 hr. heat treatment at 900°, 1000°, 
1100 and 1200° F., and 16 hr. at 1200° F. Due to the 
precipitation-hardening characteristics of the copper- 
nickel-phosphorus steel and the fact that the physical 
properties of a steel in this type are noticeably affected 
not only by the stress-relieving temperature but also by 


S.A.E. 4130, 11/s-In. 
Composition: C,0.34 Mn, 0.62 P,0.018 §,0.014 Si,0.26 Cr,0.65 Mo, 0.23 
Normalized and 


Physical properties of the five steels were determined, ~ 


1 Hr., 16 Hr., 16 Hr., 16 Hr., 

1100° F. 1200° F. 900° F. 1000° F. 1100° F 

79,850 66,750 92,400 75,750 70,100 

70,600 55,200 78,750 64,000 61.100 
37.6 37.4 24.0 27.7 2 
61.2 69.6 67.2 57.6 68 


NE 8630, 4-In. Square Bar 
$, 0.012 Si, 0.33 Ni,0.53 Cr,0.53 Mo, 0.21 


— —Normalized and Tempered—_ 
Normalized 900° F. 1000° F. 1100° F. 1200° F. 1200° F. 
Tensile strength, psi. 106,700 104,300 102,500 99,900 88,500 88,250 
Yield point, psi. 59,000 70,700 72,600 74,900 67,000 66,900 
Elongation in 2 in., % 22.6 21.1 25.1 24.8 29.5 29.9 
Reduction of area, % 52.4 54.9 55.9 57.4 65.8 64.3 


Square Bar 


1 Hr., l Hr., 16 Hr., 
1100° F. 1200° F. 1200° F. 
89,000 83,900 77,600 
64,406 61,750 58,100 
31.5 30.0 34.2 
62.2 67.9 70.6 


the time at temperature, the physical properties of this 
steel were also determined after 16 hr. at 900, 1000 and 
1100° F. Chemical composition and physical properties 
of the five steels are listed in Table 2. In all tests, the 
yield point was determined by the “drop of the beam’ 
method. A Riehle hydraulic testing machine of 60,000 
Ib. capacity was used for all physical tests. 

Fixtures were made from each of the five types ©! 
steel and only specimens of the same material wer 
tested therein. This eliminated any possibility of set- 
ting up additional stresses during the heat-treating cycle 
due to a difference in expansion characteristics oi the 
fixture and the specimen. The cross-sectional area of the 
supporting members was approximately 60 times that 
of the specimen so that compressive stresses in them 
would be very low. One ‘of the fixtures is shown 
Fig. 1. 

The specimen used was a standard 0.505-in. diameter 
tensile type except that the threaded portions were made 
longer to adapt it for use in the fixture. 

A Whittemore strain gage was used in making strait 
measurements for the first tests, but was soon discarded 
due to the inaccurate results obtained. This instrument 
required small drilled holes at the gage points and de- 
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formation of these holes caused by .the high loading 
stresses was responsible for the poor readings. 

~ \ Baldwin-Southwark SR-4 electrical strain gage and 
indicator capable of strain measurements of one millionth 
inch per inch was purchased for measuring relaxation 
after stress relief. Although the progress of the inves- 
tigation was delayed for 4 mo., it was felt that the assur- 
ance of more accurate results warranted the change. The 
strain indicator and a strain gage mounted on a speci- 
men in the fixture are shown in Fig. 2. 

Since the accurate measurement provided by the elec- 
trical strain gage was not considered necessary for de- 
termining the strain during loading, a Berry strain gage 
was used to obtain these readings. The procedure fol- 
lowed in obtaining residual stress values after various 
stress-relieving cycles is outlined below: 

a) The specimen was placed in the fixture and load 
applied by tightening the nut until the strain 
reached a value 0.0005 in. per inch above that 
value at which previous physical tests had 
shown the yield point occurs. 

The fixture was then placed in a Leeds and North- 
rup Homo furnace and heated to the desired 
temperature at a rate not exceeding 200° F. per 
hour, held for the required time and allowed 
to cool with the furnace to room temperature. 
The maximum cooling rate was 150° F. per 
hour. 

(c) The oxide film was then removed from the speci- 
men with fine emery paper and a SR-4, Type 
C-1, electrical strain gage cemented thereto. 


Percent Stress 
Relief 


Stress Relief - % 


SAE 4/30 


| 


| | 
/000 1/00 1200 
Stress Relief Temperature -°F. 


@ 
S 


Stress Rei/ef - 


NE _ 8630 


So 


Reliaf Temperature - °F. 


Fig. 14 


After allowing sufficient time for the cement to 
set, the load was released by unscrewing the 
nut and amount of relaxation in the specimen 
measured by an SR-4 strain indicator. 


The effect of stress-relief heat treatments of 1, 4 and 8 
hr. at 900, 1000, 1100 and 1200° F. was determined for 
all five steels. In order to eliminate possible errors, at 
least three runs were made at each time and temperature 
for each steel. Residual stress values were obtained by 
multiplying the residual strain by the modulus of elas- 
ticity. A value of 29,000,000 was used for all steels. 
After determining the percentage relationship between 
residual stress and the original stress, per cent of stress 
relief was obtained by subtracting this value from 100. 
For example, if the original stress in a specimen was 50,- 
000 psi., a residual stress of 5000 psi. would be equal to 
10% of the original stress. Therefore, per cent stress re- 
lief would be equal to 100 — 10 or 90% stress relief. 

In Figs. 3 to 12, inclusive, residual stress and per cent 
stress relief have been plotted against temperature of 
stress relief for 1, 4 and 8 hr. time at temperature for 
each of the steels. The effect of various treatments on 
the five steels is compared graphically in Figs. 13 to 15, 
inclusive, in which per cent stress relief is plotted against 
stress-relief temperature. 


Discussion of Results 


As shown in Table 2, all of the steels chosen for the 
70,000 psi. yield strength class failed to meet these -re- 
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quirements in the condition in which original stress was 
applied in the fixture. However, the yield point of both 
copper-nickel-phosphorus steel and Ne 8630 shows a 
marked increase to values over 70,000 psi. for certain 
tempering treatments. The effect of temperature and 
time at temperature on copper-nickel-phosphorus steel is 
very pronounced due to its precipitation-hardening char- 
acteristics. The maximum yield point of S.A.E. 4130 
was 66,700 psi., obtained after normalizing and temper- 
ing for 1 hr. at 900° F. 

The yield point of carbon-manganese steel and manga- 
nese-silicon-chrome steel was above 50,000 psi. muni- 
mum desired, both in the as-rolled condition and after all 
tempering treatments. 

Reasonably close agreement was obtained between 
the values of residual strain after stress relief for the 
three or more tests made at a given time and tempera- 
ture on the same steel. The average difference between 
these high and low values for all times and temperature 
varied from 0.000030 in. per inch on carbon-manganese 
steel to 0.000065 in. per inch on NE 8630. These values 
correspond, respectively, to 870 and 1900 psi. residual 
stress, a difference which is no greater than usually ob- 
tained in physical tests. Somewhat better agreement 
between values of residual strain were obtained at tem- 
peratures of 1100 and 1200° F. than at 900 and 1000° F. 

The graphs in Figs. 3 to 15, inclusive, on which values 
of residual stress and per cent relief have been plotted 
against temperature of stress relief, show that no two 
of the steels react exactly alike to the various heat treat- 
ments. However, the general shape of the curves for 
carbon-manganese and manganese-silicon-chrome steels 
are similar, as are those for S.A.E. 4130 and NE 8630. 

There was no evident relation between original stress 
and the degree of stress relief obtained for a certain heat 
treatment. For example, NE 8630, which had the high- 
est original stress, and carbon-manganese steel, which 
had the lowest, showed the lowest percentage of stress 
relief at 900° F. of the five steels tested. 

The per cent increase in stress relief obtained with 
increase in stress-relieving temperature and time at 
temperature also varied greatly for the different steels. 

The curves for manganese-silicon-chrome steel, S.A.E. 
4130 and NE 8630 show a generally uniform increase in 
per cent stress relief for increase in time at temperature 
and for increase in temperature between 900 and 1100 
F. However, at 1200° F. an increase of time at temper- 
ature from | to 8 hr. produced very little increase in per 
cent stress relief. 
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‘temperature from 1 to 4 hr. has little effect 
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On carbon-manganese steel, an increase in ti), 


at 


the 
amount of stress relief obtained. However, there was , 


marked increase in per cent stress relief at 900, 10) 


1100° F. as the time was increased from 4 to 8 hr., byt 
practically no increase at 1200° F. 

On copper-nickel-phosphorus steel, increasing ter. 


perature and time at temperature produced rather y 
form increases in degree of stress relief. The inere.se jy 
per cent stress relief was slightly greater for an iner: 
time at temperature from 4 to 8 than from 1 to 4h 

On all steels except copper-nickel-phosphorus sive], 4 
stress-relief treatment of | hr. at 1200° F. reduced resid 
ual stresses to 2500 psi. or less, which, in all cases, was 
equal to over 95% stress relief. Copper-nickel-phos- 
phorus steel required 8 hr. at 1200° F. to obtain the aboy: 
degree of stress relief. 

In order to reduce residual stresses to values below 
10,000 psi., minimum heat treatments were as follows 
manganese-silicon-chrome and carbon-manganese steels, 
8S hr. at 1000° F. or 1 hr. at 1100° F.; copper-nickel 
phosphorus steel, 4 hr. at 1100° F.; NE 8630, 1 hr. ai 
1100° F.; and S.A.E. 4130, 1 hr. at 1100° F. or 4 hr. at 
1000° F. 

It should be remembered that results of these tests ap 
ply to 0.505-in. diameter specimens with original stresses 
above the yield point and may vary considerably if the 
thickness of the specimen or the values of origina! stress 
are changed. 


Conclusions 


The degree of stress relief obtained is effected more by 
temperature than time at temperature. With few ex 
ceptions, a heat treatment of | hr. at a given temperatur: 
provides an equal or greater amount of stress relief than 
S hr. at a temperature 100° F. lower. 

Different steels, stressed beyond their yield point, do 
not react alike to stress-relief heat treatment with regard 
to the degree in which residual stresses are lowered. 

Most steels do not show a uniform increase in per cent 
stress relief as temperature or time at temperature ts 
increased. 

With few exceptions, the increase in per cent stress r 
lief is greatest as the temperature is raised from {00 t 
1000° F. 

The effect of time at temperature is more pronounced 
at the lower stress-relieving temperatures. 
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ASTLY increased production and use of alumi- 
num in recent years has resulted in a growing de- 
mand for more and better means of welding this 

metal, both in its pure and its alloyed state. In answer 
to this demand, various investigators have turned to gas- 
shielded arc welding, a process that has been used suc- 
cessfully on magnesium, a metal closely related to alu- 
minum. As a result thereof, a number of new methods 
have been developed to weld aluminum and its alloys, all 
employing the inert-gas-shielding principle. 

An investigation, based on the principle of gas- 
shielded arc welding, utilizing inert gases such as helium 
and argon, has been in progress for some time in the 
General Electric Welding Laboratories for the purpose of 
developing a process which would eliminate the use of 
flux in the welding of aluminum. The intent and pur- 
pose of this paper is to bring forth some of the unusual 
ind interesting phenomena observed during this investi- 
gation. This paper should not be construed to be a 
statement of the limitations of the processes, but should 
be considered only as a means of presenting factual data. 


Surface Oxide Film 


Aluminum has always required the use of a flux to dis- 
solve its inherently tough, refractory oxide film in order 
to permit fusion when welding. The use of flux incurs 
the expense involved in thoroughly cleaning all surfaces 
in contact with it in order to avoid damaging corrosion 
where moisture is present. If a flux inclusion occurs in 
the weld, the quality of the weld suffers not because of 
the inclusion itself, but because of the corrosion which it 
induces. Consequently, a process which would eliminate 
the use of flux would be a valuable asset to the aluminum 
welding industry. 

The success or failure of welding aluminum without a 
flux depends practically entirely upon the dispersal or 
reduction of its surface oxide film by the are. Fusion of 
two parts to be welded does not take place unless this 
film is removed to reveal the clean unoxidized metal be- 
neath it. While pickling will remove the oxide, the thin 
film, which is formed immediately after the metal is re- 
moved from the pickling solution, is sufficient to prevent 
successful welding if proper conditions for its removal by 
the are are not present. The value of pickling aluminum 
before welding must not be minimized, however, because 
any reduction of the amount of oxide present on the sur 
lace facilitates better welding. 
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Four arcs have been found by which this oxide can be 
dispersed. Two are the d.-c. reverse-polarity (electrode- 
positive) arcs in argon and helium, and the others are the 
a.-c. arcs in the same gases. Just why and how these 
arcs cause the dispersion of the oxide is not clearly known. 
There is a possibility that the actual dispersion is an elec 
trolytic reduction by the arc. Nevertheless, the condi- 
tions of welding and characteristics of the are required 
to accomplish this are of the utmost interest. 


Welding Setup 


Some 600 to 700 samples of gas-shielded welding were 
made on aluminum in this investigation. Each sample 
consisted of a bead on a '/y- x 1'/o- x 6-in, 25 aluminum 
plate made by traversing the plate beneath the arc. 
The apparatus used in making these samples is shown in 
Fig. 1. An electrode holder, of the type used in the 
manual welding of magnesium, was clamped rigidly in 
position over the worktable in such a way as to maintain 
any desired arc length. A close-up of the manual elec- 
trode holder is shown in Fig. 2. A rubber hose with a 
cable inside conducts gas and electricity to the handle of 
the electrode holder. Inside the handle a gas valve, 
operated by a button extending through the shell of the 
handle, is used to permit shutting off the flow of gas. 
The electrode clamp, shown at the left in the illustration, 
accommodates various sizes of electrodes, the electrode 
being held in a collet which is surrounded by a stainless 
steel gas nozzle. The clamps as well as the handle as 
sembly are completely insulated, so that the only live 
part is the electrode which projects slightly from the end 
of the gas nozzle. 

The mechanism used for traversing the worktable can 
be seen at the left in Fig. 1. The arc between the work 
and the electrode was struck by momentarily bridging 
the gap with a tungsten or carbon electrode starting 
stick. Such a starting stick can be seen at the extreme 
right of the worktable. 


D.-C. Welding 


In d.-c. welding, the electrode may have either a posi- 
tive or negative polarity, depending on the power con- 
nections. However, only when the electrode polarity 
was positive could the oxide film on aluminum be 
successfully dispersed in atmospheres of argon and heli- 
um. It was perfectly feasible to hold an arc and melt 
aluminum with the electrode negative, but the oxide film 
was not dispersed and welding (without flux) was not ac 
complished. 
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Fig. 1 


When welding with electrode positive in argon, the end 
of a metallic electrode became extremely hot and formed 
a molten ball, even if the electrode material was tung- 
sten, which has a very high melting point. A bright 
mirror-like molten pool of aluminum was formed, and 
fusion of two parts to be joined was very easily accom- 
plished. However, a very short arc length. less than 100 
mils, had to be maintained in order to concentrate the 
heat and stabilize the arc. With this short arc length, 
the molten ball on the end of the electrode was apt to sag 
and touch the aluminum, which made the are extremely 
wild and welding difficult. In manual welding, occasion- 
ally the molten ball would fall off the electrode into the 
molten pool of aluminum, which resulted in ruining the 
weld. If the electrode was firmly clamped in a fixture, 
and the work moved under it, it was feasible to weld with 
a 30- or 40-mil are length without too much difficulty. 
The mobility of the ball on the end of the electrode 
tended to cause the arc to wander when the arc length 
was held too long or the gas flow too high, and control of 
the distribution of heat to the work was made difficult. 
A long arc also resulted in the formation of a gray dross 
on the surface of the weld pool. As a general rule, the 
shorter the arc that could be held, the more stable it was, 
and the better the weld. 

The d.-c, electrode-positive aré in helium had much the 
same characteristics as the argon arc just described, ex- 
cept that the welds made in this gas had a wide zone of 
fusion, a dark brown deposit onthe surface, and it was 
more difficult to maintain a stable arc. The molten 
pool under the helium arc was highly agitated by what 
appeared to be bubbles of escaping gas. This was con- 


firmed by the appearance of porous ridges in the weld 
bead. 


Fig. 2—Manual Gas-Shielded Arc-Welding Electrode Holder 
Complete with Rubber Hose and Cable 
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Semiautomatic Apparatus for Investigation of Gas-Shielded Arc Welding 
of Aluminum 
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Despite the fact that the heliyy 
arc was not as desirable as the argoy 
arc for welding aluminum Without 
a flux, it must be pointed out that ay 
excellent weld could be made wit) 
helium, using a flux. The fy, 
seemed to have somewhat of 
bilizing effect on the arc. 

The electrode-negative are in both 
argon and helium was relatively 
stable and quiet, but the oxide fily, 
was not broken. A large amount of 


t Sta- 


and the electrode ran relatively coo| 
but welding was not accomplished 
because the current passed through 
the oxide film without, apparently, 
rupturing it. The resulting weld bead 
had a wide zone of melting with , 
black, narrow arc track down the 
center. Fusion of two plates, butted 
tightly together, was not accom- 
plished by this are without the use 


Fig. 3—Aluminum Welds Made by the D.-C. Argon Arc-Weld- 

ing Process. (Top) Good Mirror-Finish Weld Bead Made with 

Electrode-Positive Polarity. (Bottom) Typical Weld Bead Made 
with Electrode-Negative Polarity 


of flux. Figures 3 and 4 show d.-c. weld beads mace 
in argon and in helium. 


A.-C. Welding 


In a.-c. welding of aluminum by the gas-shielded 
method, rectification of the current occurred at all times 
to a greater or lesser degree, depending on the welding 
circuit conditions. The amount of rectification present 
and the direction of current flow seemed to determine 
whether or not the oxide was dispersed. When little or 
no rectification occurred, the oxide film appeared to be 
dispersed, but when complete rectification occurred, the 
oxide film was not dispersed and welding (without flux 
could not be accomplished. 

In the argon arc, rectification was complete if the open- 
circuit voltage was below a critical value which lay 
somewhere between 140 and 180 v. The exact location 
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of the critical open-circuit voltage seemed to be depend- 
ent on circuit constants, gas flow and arc length, but 
ysually lay between these two values. Above a voltage 
of 180 for argon, little or no rectification of the current 
occurred and a clean, mirror-like weld pool and weld bead 
could be made. Below 140 v., where complete rectifi- 
cation of the current occurred, the resulting weld bead 
had the same characteristically wide zone of melting, 
with a dark, narrow center track, as the d.-c. electrode- 
negative weld bead. Shown in Fig. 5 are weld beads il- 
justrating good and bad welding in argon. 

In the helium arc, the critical voltage was apparently 
about 280 v. When the open-circuit voltage was below 
280 v., the helium are showed complete rectification of 
the current and its accompanying bad welding. Irregu- 
lar intervals of good and bad welding were found between 
280 and 460 v. indicating that the true critical voltage 
for helium was either higher, or that the helium arc was 
very sensitive to slight changes of gas flow, gas purity or 
arc length (Fig.6). Usually, when voltages greater than 
380 were used, satisfactory welding conditions were es- 
tablished. 


Fig. 4—D.-C. Electrode-Positive Polarity Helium Welds. 

(Top) Typical Helium Weld Illustrating the Wide Weld Bead 

and the Dark Brown Surface Deposit. (Bottom) Another Hel- 

ium Weld Showing the Porous Ridges and Heavy Surface Dross 
Which Appeared Under Certain Conditions 


Good welding, that is, when little or no rectification in 
the helium arc occurred and the oxide film was dispersed, 
resulted in a weld whose appearance was very similar to 
that of the d.-c. electrode-positive weld in helium (Fig. 
6). Besides the brown deposit on the surface, the weld 
exhibited the same characteristically wide weld bead. 
The most significant characteristic of the a.-c. welds was 
the absence of the violent agitation in the weld pool and 
porous ridges in the solidified metal usually observed 
with direct current. 


Rectification and Polarity 


Oscillographic records made of the a.-c. are voltage 
and current during actual welding, give a graphic pic- 
ture of what happens to the arc voltage and current when 


Fig. 5—Aluminum Welds Made 

ing Process. (Top) Good Mirror-Finish Weld-Bead Made at 

Open-Circuit Voltage Above the Critical. (Bottom) Weld 
Bead Made at Open-Circuit Voltage Below the Critical 


the oxide film was being dispersed and when it was not. 
Under welding conditions when the oxide film was dis- 
persed, whenever the electrode was negative, the voltage 
trace (Fig. 7) was a smooth-domed shape, without initial 
or terminal voltage peaks. The other half cycle, when 
the electrode was positive, shows a relatively flat-topped 
trace with decided initial voltage peaks and occasional 
terminal voltage peaks. The current in this case was 
essentially an ordinary a.-c. current trace, having the 
same smooth-domed shape during both parts of the cy- 
cle. When the oxide skin was not dispersed, however, 


the voltage rose rapidly to approximately peak open- 
circuit voltage during the electrode-positive part of the 
cycle (Fig. 8). During the other half cycle, the voltage 
trace was somewhat flat topped with a low maximum 
value. The current, during the electrode-negative half 
cycle, was the normal smooth-domed shape, but during 
the other half cycle did not show, indicating rectification. 


Fig. 6—Typical Aluminum Weld Beads Made by the A.-C. 
Helium Process. (Top) Good Weld Bead Made at High Open- 
Circuit Voltage. (Bottom) Weld Bead Showing How the A.-C 
Helium Arc Erratically Shifts from Good to Bad Welding 
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Fig. 7—Oscillogram Showing Current Wave (Second from 
Top) and Arc-Voltage Wave (Bottom) During Good Welding 
at an Open-Circuit Voltage Above the Critical for Argon 


Oscillograms taken on direct current when the elec- 
trode was positive showed practically a straight line, 
broken occasionally by slight jogs. 

There appeared to be a d.-c. component under all con- 
ditions in the a.-c. are. This could be read on a d.-c. 
ammeter, the current flow being indicated from alumi- 
num to the electrode. A d.-c. voltmeter indicated the 
electrode polarity to be positive. The d.-c. component 
had a much higher value under the conditions where the 
oxide film was not dispersed, than when the oxide film 
was dispersed. 


Electrode Material 


Various materials were tried as electrodes to determine 
whether the electrode material had any effect on the dis- 
persal of the aluminum oxide film and the characteristics 
of the ares in argon and helium. Very little difference 
in effect on the dispersal of the oxide skin was noted in 


Fig. 8—Oscillogram ——— Arc-Voltage Wave (Bottom) 
a 


and Fully Rectified Current ve (Second from Top) During 
Bad Welding at an Open-Circuit Voltage Below the Critical 
for Argon 
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the materials, but the effect of some of the materi. Js 
the stability of the arcs and the appearance of the wel 
was quite marked. At the same time, an indica 
to the most desirable features of an electrode { 
shielded welding was disclosed. 

Perhaps the most desirable feature of a good ek 
for gas-shielded welding is low electrode consun 
This can be readily understood when one consid 
undesirable effects of foreign inclusions and conta:iy 
tions in welds, particularly in aluminum. As a genera] 
rule, the higher the melting point of an electrod 
lower the electrode consumption, or disintegration. hy 
electrode consumption is also a function of the curr 
density, that is, the current per square inch of electro 
cross section. Naturally, the higher the current at 
which an electrode can be used without excessive con 
sumption the more desirable the electrode. 

Tungsten, of all the materials tried, proved to be the 
most desirable electrode material for the gas-shiclded 
welding of aluminum, and was used throughout this in 
vestigation. It has a melting point of 3400° C., and its 
consumption was practically negligible in atmospher 
of helium and argon. It could be used at much higher 
current densities than any of the other materials tried 
Because of its low consumption, very little contamination 
of the welds occurred and the physical properties of the 
weld metal were not impaired. 


Fig. 9—Aluminum Weld Beads Made in Argon Gas Showing 
Erratic Effect of Tantalum Electrode (Top) and Black Deposit 
Caused by Carbon Electrode (Bottom) 


In a.-c. or d.-c. welding in argon, tungsten gave 4 
bright, mirror-like weld pool and weld bead. However, 
when d.-c. electrode-positive polarity was used in either 
helium or argon, even tungsten became overheated and 
formed a molten ball on the end. Under conditions such 
as these, the electrode consumption was still very low, 
except when the electrode was touched to the weld meta! 
or the molten ball fell off the end. In electrode-negativ: 
d.-c. welding, and in a.-c. welding, tungsten ran rela 
tively cool and very little balling up of the electrode was 
observed. This meant, of course, that a given size ele: 
trode could be used at a much higher current in a.-c. of 
d.-c. electrode-negative welding, than in dc. electrod 
positive welding 

Tantalum, with a melting point of 3000° C., was tried, 
and while a bright weld bead could be made, its low 
melting point made it undesirable as an electrode. !t 
had a great tendency to form a molten ball on the end at 
very low currents, even in d.-c. electrode-negative and 
a.-c. welding. The tendency of the ball to fall off and 
contaminate the weld was very much greater. Also, tli 
mobility of the ball was so great that the arc had a tend- 
ency to wander, thus making it difficult to control tie 
heat distribution to the work. Figure 9 (top) shows «1 
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aluminum weld bead illustrating the erratic effect of tan- 
talut 

Another electrode material tried was carbon. Al- 
though carbon has a melting point of 3700° C., its con 
sumption was very high, particularly in d.-c. electrode- 
positive welding. Large amounts of it were deposited 
on the surface of the welds, giving them a dirty, black 
appearance (bottom, Fig. 9). A large amount of the 
carbon was found as inclusions in the weld metal itself. 
This high consumption of carbon, despite its high melt- 
ing point, was probably due to the weakness of the binder 
used in holding the particles of graphite together in the 
electrode. 

Based on the experience had with the use of tantalum 
as an electrode, any material with a lower melting point 
than 3000° C. would seem to be even less desirable as an 
electrode. Materials, such as molybdenum, steel, cop- 
per and even aluminum, were tried, but with very un- 
successful results. 


ARC VOLTAGE 


Arc Length 


lo determine the effect of arc length on the are volt- 
age, and the most suitable are length for good welding, a 
series of tests were made at various arc lengths in argon 
and helium under good welding conditions. In these 


100 iSO 
ARC LENGTH — MILS 


Fig. 11--Curves Illustrating Change of Arc Voltage with Arc 
Length in an Atmosphere of Helium 


range. Below 20 mils, the weld metal had a tendency to 
rise and fuse to the electrode. The appearance of the 
| weld pool under good welding conditions was that of a 
| convex mirror. This confirms the belief ‘that an are 
| 

| 

| 


g crater does not exist in gases such as helium and argon. 
5 As the arc length was increased beyond 200 mils, the ap- 
$ pearance of the weld bead and the stability of the arc be- 
2 came increasingly worse (Fig. 12, top). An explanation 
Fini | of this might be that the gas coverage became increas- 


ingly worse because of dilution by the surrounding air. 
That is true to some extent, but it was found that even 


50 100 150 300 


ARC LENGTH - MILS 


Fig. 10—Curves Showing Variation of Arc Voltage with Arc 
Length in an Atmosphere of Argon 


tests. the arc length was varied and readings of the arc 
volts were recorded. Other conditions, such as current, 
travel speed, gas flow, electrode size and extension from 
the nozzle, etc., were held constant. The curves showing 
the results of these tests are shown in Figs. 10 and 11. 
Figure 10 shows how the a.-c. are voltage varied with 
are length in argon at an open circuit voltage of 300. It 
will be noted that for the first 100 mils of arc length, the 
are voltage change was hardly more than half avolt. This 
was very significant in that the best operating range of 
are length lay between 20 and 100 mils, as indicated by 


the appearance of the samples. Fig. 12—Aluminum Weld Beads Showing the Effect of Long 
_ The appearance of the welds was good for are lengths Arc Length in Atmosphere of Argon. (Top) A.-C. Weld. 
from 20 to 200 mils, and was best in the 20- to 100-muil (Bottom) D.-C. Weld 
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Fig. 13—A Cross Section of a Gas-Shielded Electrode Clamp 

Illustrating the Gas Nozzle Design and Dimensions for a !/,- 

In. Tungsten Electrode, and Also the Electrode Extension Used 
in This Investigation 


an increase in the gas flow did not remedy the situation 
beyond a certain point. It would seem logical to con- 
clude, then,.that there is a limitation on the maximum 
are length which will permit good welding, which seems 
to be in the vicinity of 200 mils. 

In Fig. 10 is also shown the change of d.-c. are voltage 
with arc length when the electrode polarity was positive 
in argon. The curve is much flatter over the whole 
range. This would make it difficult to control the arc 
length by means of arc voltage, in machine welding. The 
most marked difference between this curve and the a.-c. 
voltage curve already discussed is that the arc voltages 
below 200 mils of are length are higher. 

The appearance of the weld bead and the stability of 
the d.-c. arc in argon became increasingly worse above 
100 mils of are length (Fig. 12, bottom). A large part of 
the fault for the decrease in are stability can be placed on 
the condition of the molten ball on the end of the elec- 
trode. This ball, as has been mentioned previously, was 
very mobile and became highly agitated at long arc 
lengths and caused the arc to wander. As a result, the 
weld appearance suffered. The limitations on the d.-c., 
electrode-positive arc length in argon could then be said 
to be from 20 to 100 mils. 

Figure 11 illustrates the change of arc voltage with 
arc length in the d.-c. electrode-positive, and a.-c. high 
open-circuit voltage arcs in helium. Particular atten- 
tion should be called to the high are voltages, which are 
approximately double those in argon. For a given cur- 
rent, the watts input to the work by the helium arc 
would be approximately double that in argon. Actual 
measurement of the watts input at various currents in 
helium and in argon bears this out. This accounts for 
the characteristic wide weld bead produced by the he- 
lium arc. Helium welding would be very advantageous 
from this standpoint of power alone. 

Another advantage of the helium arc brought out by 
these curves is the steep, sloping characteristic of the arc 
volts. This, of course, is significant because it would 
permit easy arc length control by means of arc voltage in 
machine welding. 
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Generally, the limitations placed on are length ji ¢} 
a.-c. and d.-c. ares in argon aiv also applicable to th, 
and d.-c. ares in helium, the behavior of the arcs | 
somewhat the same. 


le 


a.-€ 


ing 


Gas Flow 


A group of tests were made to determine wheth, 
flow might possibly have some effect on are stability, a; 
voltage, weld appearance and welding characterist; 
general. In these tests the gas flow was varied and 
other welding conditions such as are length, curren; 
electrode size and extension, nozzle size, etc., were held 
constant and are-voltage readings were recorded. 

Nozzle size and design as well as electrode extensioy 
from the nozzle are important factors to consider jy 
order to provide good coverage of the are and welding 
area, and at the same time, economy of gas consump tio 
These factors are determined more by actual welding 
experience than by any test setup that can be made. For 
this reason, the nozzle size and design and electrode ey 
tension used in these tests were those which were foun 
to be suitable from actual experience gained in the weld- 
ing of magnesium by the gas-shielded process. Figur 
13 is a drawing illustrating the design of the nozzle used 
in all the tests made in this investigatoin. Dimensions 
of the nozzle opening and electrode extension for a ! 
tungsten electrode are shown. 

To illustrate the effect of gas flow on the arc voltay: 
the curves shown in Fig. 14 were made. From thes 
curves it can be plainly seen that the rate of gas flow had 
a definite effect on the arc voltage, particularly in th 
d.-c. argon are. Both the a.-c. and the d.-c. argon curv: 
show the arc voltage to be high at the very low flows, due, 
most likely, to dilution of the gas by the surrounding air 
The a.-c. are voltage, however, leveled off to a somewhat 
steady state at 14 to 15 v. after 6 cfh. of gas flow had 
been reached, and did not seem to change material) 
with any further increase in gas flow. 

The d.-c. are voltage, on the other hand, after decreas 
ing to 14 v. at 6 cfh. began to increase steadily as the gas 
flow was increased. During the d.-c. tests it was ob- 
served that the arc and molten pool had a tendency to 
trail behind the electrode at gas flows above 6 cfh 
The tendency to trail increased with the gas flow until at 
25 cfh. the are was actually '/, in. behind the electrode 
At the lower gas flows the arc was directly under the 
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Fig. 14—Arc Voltage vs. Gas Flow Curves of A.-C. and D.-C 
Arcs in Argon 
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electr This tendency of the arc to “‘stretch out”’ is a 
igusible explanation of the increase in d.-c. are voltage 
sith gas flow, and accounts for the higher voltages at the 
iw arc lengths in the are length tests. Some effect of 
‘he gas flow on the molten end of the electrode may be 
‘he cause Of this phenomenon. These tests were dupli- 
cated to make certain that this tendency was an effect 
of gas flow and not due to some freak circumstances. It 
was suspected that welding speed might have caused this 
effect, but tests made at various speeds showed practi- 
-ally insignificant changes in the arc voltage at speeds in 
the vicinity of that used in the gas flow tests. In all 
cases, the a.-c. are remained directly under the electrode. 

Below 6 cfh. of argon flow, the weld bead of the d.-c. 
electrode-positive arc had a dirty, black, pitted appear- 

nee. At flows between 6 and 10 cfh. the weld bead had 
. bright, mirror finish, and the are stability was good. 
At gas flows above 14 cfh. the arc was somewhat un- 
stable causing the formation of definite freezing lines in 
the weld and a wide, etched fringe along one side. This 
fringe, under normally good, stable welding conditions, 
was of equal width on both sides of the weld bead, and 

ried directly with the gas flow. The mirror finish of 
the weld bead was gradually replaced by a dull finish, 
which in turn was replaced by a gray dross as the flow 
was increased above 10 cfh. ‘ 

fhe a.-c. argon welds had much the same appearance 
is the d.-c. welds, except that the arc was much more 
stable, the fringe was of equal width on both sides of the 
weld bead, and the mirror finish did not fade away as 
quickly at the higher flows. Good arc stability at all 
flows prevented the formation of freezing lines. Shown 
in Fig. 15 are the effects of high- and low-gas flows on the 

ppearance of both a.-c. and d.-c. welds in argon. 

From the observations made, the best operating range 

f argon gas flow, under the conditions set forth at the 
beginning of this discussion, would probably be from 6 
to about 10 cfh. for the d.-c. are and from 6 to 20 cfh. 
for the a.-c. are. Other conditions of electrode size, 
nozzle size and electrode extension, as well as the type of 
joint being welded, would require more or less gas flow 
as the situation demanded. 

Results of the gas flow tests made with the a.-c. he- 
lium are were very erratic, and no definite conclusions as 
to the effect of gas flow on the are could be made, 

Gas flow had little effect on the arc voltage in the he- 
lium, d.-c., electrode-positive arc. There was a slight 
rise in voltage, although not quite as pronounced and 
consistent as that of the d.-c. argon are. Here again was 
noticed the tendency of the are and molten pool to trail 
the electrode, particularly at the higher gas flows. Ap- 
pearance of the weld bead was not materially changed by 
higher gas flows, and the formation of porous ridges in 
the weld as a result of violent bubbling of the molten pool 
was evident. 

Limitations on the helium gas flow were rather difficult 
to determine, but from the standpoint of economy alone, 
it could be said to be, roughly, from 15 to 25 cfh. It is 
readily understood that the rate of gas flow for helium 
must be greater than that for argon because the specific 
gravity of helium is only about !/\ that of argon. 

Both argon and helium have some cooling effect upon 
the electrode, gas nozzle and the weld metal. The cool- 
ing was a direct function of the rate of gas flow as noted 
in the gas flow tests. The gas nozzle glowed a dull red at 


Fig. 15—-Weld Beads on Aluminum Showing the Effect of Gas 
Flow on Appearance. (Top) Effect of High Gas Flow—A-C. 
Arc. (Center) Effect of Low Gas Flow—A.-C. Arc (Appear- 
ance of D.-C. Weld Same). (Bottom) Effect of High Gas Flow 


Are 


the low flows, the glowing gradually diminishing until 
none at all showed at the very high flows. From the 
standpoint of economy it would be prohibitive to use 
high gas flows merely to protect the gas nozzle or to ob- 
tain a slightly higher current limit on the electrode 


Summary 


Briefly, the most important features of the gas- 
shielded arc welding of aluminum without the use of 
flux in atmospheres of argon and helium brought out by 
this investigation are as follows: 

1. The success or failure of arc welding aluminum 
without a flux depends primarily upon the proper dis- 
persion of the surface oxide film by the arc. 

2. A.-c. welding can be accomplished provided the 
open-circuit voltage is above a range in which complete 
rectification of the current occurs. 

3. D.-c. welding can be accomplished when the elec- 
trode polarity is positive. 

4. Helium-shielded arc welding with both a.-c. and 
d.-c. is less desirable than a.-c. and d.-c. welding in argon. 

5. Essentially, a short arc length must be maintained 
in order to provide a good stable arc and a clean weld 
pool and bead. 

6. Limitations must be placed on the quantity of gas 
flow because of its effect on arc stability and weld ap- 
pearance, particularly in d.-c. welding. 

7. The electrode material should be substantially 
nonconsuming. 

8. In general, a.-c. welding is less critical and better 
suited to manual welding than is d.-c. welding. 
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NE of the major problems of spot welding alumi 

num alloys by present-day methods is that of 
preventing rapid tip pickup. If the tip life 
could be appreciably increased, the immediate benefits 
would be a noticeable reduction i in production costs and 
a more uniform quality of spot welds. 

When tip pickup is mentioned, the first reaction is to 
look for a better surface cleaner and deoxidizing solu- 
tion for the aluminum parts. In some cases, this action 
is justified due to a few occasional inferior cleaners that 
are still being used. However, this need not be the case 
because at the present time there are several solutions 
available which will leave a surface of consistently low 
contact resistance and give maximum tip life under 
normal operating conditions. If good control is main- 
tained over the cleaning tanks, maximum efficiency will 
be realized from the surface preparations, but this still 
leaves much to be desired in longer tip life. 

To achieve this, it is therefore natural to look for some 
method of improving the tips, either by changing the 
contour or the composition of the material of which they 
are made. Standard practice throughout the aircraft 
industry generally specifies dome-shaped tips for spot 
welding on aluminum alloys. The radius of the domes 
varies from 2 to & in., depending upon the thickness 
of the material being welded and whether the surfaces 
are external or internal. Plain flat-ended and cone- 
shaped tips have been used with little or no improvement 
in tip life. 

The most outstanding and consistent improvement 
in spots-per-tip-cleaning so far achieved has been made 
with a specially contoured tip. While trying to improve 
tip life with different surface preparations, it was noted 
that frequently an unusually large number of spots 
would be obtained, but it was not possible to repeat this 
performance every time. A microscopic examination of 
the tips after a successful run 
showed a definite, raised, flat-ended 
button on what had originally been — 
a 3-in. radius dome. 

This raised button forms under 
normal welding conditions if tip 


Spots 
pickup can be prevented from form- 
ing for at least 300 spots, which oes ne 
° + Gome 
very seldom happens with dome tips 

when making high-strength spots. 545 

Evidently this is a natural ten- 156518 
dency and, if reproduced mechani- 
cally, should give equally good and 3167¢ " 
consistent results. To check this 
theory, 3-in. dome-shaped tips were 8069 
pounded together in the spot welder sine 4 

* To be presented at the Twenty-Fifth Annual 4 
Meeting, A.W.S., Cleveland, Ohio, October 16 to 20726 e 
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Table 1—Preshaped Tip Dimensions 


Sheet 
Thickness 


-020"/,020" 
-020"/,025" 
-025"/.025" 
-025"/.032" 
-032"/.032" 
-032"/.040" 
-040"/.040" 
-040"/,051" 
-081"/.081" 


Note: 


When spot strength is different from that recommended in 


The Geometry of the Spot-Welding Tip 
and Its Relation to Tip Life 


By Earl D. Crawford' and C. Weston Steward! 


table above, diameter "A" should be modified as follows 


Ay 


100 cycles of the machine. 


Tip Pressure Spot Strength Sheet Thickness 


10008 


* #2 Morse Taper 


550# 


-032"/.040" 
-020"/,025" 
.025"/, 032" 


-081*/ 


However, this method 


Table Sictheemals of Tests on Federal Spot Welder } Model P3-12-RA 


Comments 


for Common Sheet 


Thicknesses 
Recommended Single Spot 
Diameter "A" Height "5B" Shear Strength =S 
.170" = .010" -003"  ,001" 225 to 250 
-170" = .010" 003" = .001" 250 to 30 
-170* 2 .010" -003" = .001" 275 to 325 
+200" ,010" 003” = ,001" 325 to 375 
-200" # .010" 003" = .001" 375 to 42 
200" 003" * .001" 400 to 4 
2230" # ,010" -003” .001" 500 to 55 
+230" # .010" 003" .001" 550 to 
-360" # .010" 005" = .001" 1400 to 16 


+h 


with forge pressure and normal current for approximately 
These tips, examined under 
the microscope, had the desired flattened, slightly raised 
end and when used under normal welding conditions, 
excellent results were obtained. 
of shaping the tips could not be relied upon to produce 


Tips flattened in welder 


previous to welding. 


Tips preshaped with | 


tool, 


Tips preshapedé 
tool, 


Tips preshaped 
tool, 


Tips preshaped 
tool, 


Tips preshapec 
tool. 


Tips presbaped 
tool. - 5280 


17 


Spots per 
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the same diameter button consistently, which has proved 
00 Bic to be very important. 
LUV A The next step was to design a tool which would auto 
375 matically and rapidly produce a flat-end raised button 
| of the desired diameter and height. Numerous de 
350 signs have been tried but the one shown in Fig. 11 is the 
most effective so far. The cutting edge of the tool is 
325 + simply a flat disk with a hole drilled in the center which 
, cuts the button. A chisel-ended plug, which flattens 
300 the end of the button, is inserted in the hole 0.002-in 
do76 | below the surface of the disk. Before using this tool, the 
g 2/9 tip must be shaped to a 1'/¢-in. spherical radius in a 
: 250 lathe or drill press. An improved version of this tool is 
4 essentially a segment of the cutting edge of a lathe tool 
o 225 fastened to a disk. This eliminates the preliminary step 
2, of making a radius on the tip, as all shaping is accom 
1200 plished with the one tool. Both tools are mounted in the 
7 same housing and both require different size cutting edges 
#175 for various thicknesses of sheet combinations. These 
4 “ | disks can be changed easily in the holders, or else separate 
150 | tools can be maintained for each combination. Both of 
hb 125 these tools must be carefully made and the cutting edges 
O dimensioned exactly. 
2100 To use either of these tools, the tip is mounted in a 
a \ drill press which turns at a speed of approximately 
75 1500 rpm. and is pressed against the cutting edge of the 
2 a tool and lubricated with a light oil. The shaping opera- 
50 = tion for a new tip will take approximately 2 min. and 
2 i. the reshaping of a used tip will require less than a minute. 
? ~ Tips may also be preshaped in a machine or turret lathe 
O using an accurately ground form tool. 
After shaping the tips and placing them in the spot 
300 400 500 600 700 welder, a mee tee file should ba rotated several ihioes 
between the tips which are held together with tip-cleaning 
Spot strength - lbs. pressure. This will compensate for a slight misalign 
ment of the tips. A flat paddle covered with crocus 
cloth is then rotated between the tips previous to weld 
ig. 1—Curves Showing Effect of ‘Variable Tip Pressure, and ing. 


Spot Strength on Tip Life with 3 Inch Dome 
| Spotwelder Model P3-12-RA. Turn ratio—195. Con- 
it mic 


‘ity 


800 


The tips do not need to be retooled again until several 

rae . ; thousand spots have been made. It is only necessary 
A = 750 lb. tip pressure, 8 = 950 tO polish them with the crocus cloth paddle when the 


. tip pressure, D = 1150 |b. tip pressure. first signs of pickup are evident and it should be possible 


Fig. 2—(Left) Natural Formation of Dome Tip After Approximately 300 Spots. (Right) Three-Inch Radius 
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Dome Tip Flattened in Spot Welder Previous to Welding 
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to obtain at least a thousand spots before this is neces- 
sary. 

It should be noted at this time that the method, just 
described, of producing maximum spots does not involve 
any ‘‘tip conditioning’ and therefore has no connection 
with previous methods of conditioning the tips for maxi- 
mum results. It should also be noted that tip pressure 
and spot strength have a very definite effect on tip life as 
shown in Fig. 1. 

After considerable experimentation with various 
types of tools, it was found that the height of the button 
was very important and should not exceed 0.003 in. for 
maximum results on 0.040-in. stock. The diameter 
of the button is also critical and changes with the sheet 
thickness being welded. However, it has been found 
practical with three different sized tools to cover all 
material from 0.020 to 0.081-in. 

Results obtained with preshaped tips are summarized 


Fig. 4—Mounted Cross Section of Spot Made with 3-In. Radius 


Dome Tips 


in Table 2 and illustrated in’ Figs. 2 through 10. [t wij 


be noted in Figs. 5 through 10 that the quality of 4 


l¢ 


last spot is just as high as the first in a run of 1000 » t 
more. Some of the figures may appear surprising) 
high. However, no sleight of hand is involved in obtaiy 45 
ing these results and they can be duplicated by anyor, hy ad 
using reasonable care in preparing the tips. [t shoul 
fit 
Fig. 5 
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Fig. 3—(Above) Plan View of Two Preshaped Tips After Pickup Has Occurred. 1306th Spot. (Below) Wii 
Plan View of Two 3 In. Radius Dome Tips After Pickup Has Occurred. 30th Spot the c 
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tips. An average of 460 spots has been made on 0.040- 
in. 24S-T Alclad with the coolant at 105° F. With no 
coolant flowing through the tips and welding at a rate 
of 30 spots per minute, an average of 100 spots was ob 
tained. Of course these high temperatures would never 
be encountered in production spot welding but they are an 
indication of the possibilities with these tips. 

It is generally conceded that oxidation of the copper 
tips will take place if they are unused for any length ot 
time and, if not cleaned immediately before welding, 
will cause premature sticking. Several tests have been 
made with button-end tips, where approximately 1000 
spots were made and the test interrupted for 45 hr. 
The test was then continued for another SOO spots with 
no previous cleaning of the tips. 

All of our tests, unless otherwise stated, were made 
on a Federal condenser discharge spot welder using 199 
transformer turns ratio, 1000-Ib. tip force, SOO-mid 


nf, 


g. 5 (Above) Mounted Cross Section of First Spot in 0.040 
040-In. 24S-T Alclad. (Below) Plan View of First Spot in 
0.040 0.040-In. 24S-T Alclad 
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Fig. 7—(Above) Mounted Cross Section of First Spot in 0.025 


0.032-In. 24S-T Alclad. (Below) Plan View of First Spot in 
0.025 0.032-In. 24S-T Alclad 


Fig. 6—(Above) Mounted Cross Section of 1306th Spot in 

0.040 0.040-In. 24S-T Alclad. (Below) Plan View of 1306th 

Spot in 0.040 /0.040-In. 24S-T Alclad. Dark Spots Are Caused 
by Light Reflection and Not Pickup 


be carefully noted that these figures apply only to con- 
lenser discharge spot welders which are in good mechani- 
‘al condition and free from skidding at the tips. How- AO age 
‘ver, some improvement has been obtained on magnetic 

stored-energy welders, but absolutely no improvement 
las occurred on a.-c. equipment. 


, ; : - : Fig. 8—(Above) Mounted Cross Section of 2072nd Spot in 
With this type of preshaped tip, the temperature of 0.025 /0.032-In. 24S-T Alclad. (Below) Plan View of 2072nd 
the cooling water is not as critical as it is with domed Spot in 0.025 /0.032-In. 24S-T Alclad 


GEOMETRY OF SPOT-WELDING TIP 497- 


at 
Be 
3. 


condenser capacity and 550-lb. spots on two sheets of 
0.040-in. 245-T Alclad. 

Incidental to our studies of tip contours, it was 
definitely proved that R.W.M.A., Group A, Class I tips 
were superior to Class II tips for spot welding aluminum 
alloys. Regardless of the tip contour, an increased tip 
life of at least 100°) was obtained with the Class I tips. 
Although these tips are definitely recommended for 
aluminum welding, there are still many companies using 
the Class II tips, which are designed primarily for 
ferrous alloys. 

Although it has not been definitely proved, there are 
many indications that the remarkable increase in tip 
life with the preshaped tips is due to a better distribu- 


Fig. 9—-(Above) Mounted Cross Section of First Spot in 0.020 
0.025-In. 24S-T Alclad. (Below) Plan View of First Spot in 
0.020 /0.025-In. 24S-T Alclad 


Fig. 10—(Above) Mounted Cross Section of 9114th Spot in 

0.020/0.025-In 24S-T Alclad. (Below) Plan View of 91 4th 

Spot in 0.020/0.025-In. 24S-T Alclad. Dark Spots Are Not 
Due to Pickup 


tion of current density and a more even pressure through 
out the contact area. The dome-shaped tip has 
greater concentration of current at the periphery of th 
spot and a lower pressure in this area, both of which wil 
cause excessive surface heating. 

It is hoped that this discussion will create more i: 
terest in the possibilities of improving the spot-weldin, 
tips, which in turn will encourage a wider use of r 
sistance welding. There is still room for further improv 


ment as evidenced by the. relatively poor results o: 


magnetic stored energy and A.-C. machines. How- 
ever, one of the major benefits derived from this study is 
the isolation of another variable in the spot-welding 
process. 


Fig. 11—Improved Hand-Shaping Tool 
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The Effect of Metallurgical Changes 
Due to Heat Treatment Upon the Fatigue 
Strength of Carbon-Steel Plates 


By Walter H. Bruckner} and William H. Munse} 


1. Introduction Pilot fatigue tests were made with several as-rolled 
specimens machined to the shape shown in the figure. 
Because fatigue failure of these specimens invariably 
occurred in the filleted region of the shoulders, other 
specimens were tested having shoulders heat treated as 
the metallurgical effects of welding. This subcommittee follows. Three specimens were moved at the rate of 6 
started its work in 1941 with membership as follows: '!- per munute between two large stationary oxyacety 
Dr. A. B. Kinzel, chairman, Messrs. L. C. Bibber and lene torches set to have the flame impinge on the shoulder 
0. L. Grover (N. W. Morgan, alternate), Professor gion on opposite sides of the specimen. Passage 
W. M. Wilson, adviser, Jonathan Jones, ex-officio and through the heating area required approxim itely 30 sec. 
W. H. Bruckner, secretary. The test program described Two of the specimens were then quenched in water at 
herein was drawn up by the subcommittee at a meeting 9 to 85° F. and the other one was cooled in air. Of the 
in December 1941. The present paper is based on two water quenched specimens, one was tested in fatigue 
Progress Report No. 2, issued December 15, 1943, tothe '™ the as-quenched condition and the other was stress 
Subcommittee on Metallurgical Effects of Welding on relieved by heating in a vacuum chamber at a heating 
Fatigue in the Absence of Mechanical Stress Raisers.” Tate of 200° F. per hour to 1150° F., held at this tem 
[he statements and opinions given in this paper by the perature lor ‘/2 hr. and then cooled in a vacuum of ap 
uthors do not necessarily carry the endorsement of the proximately 30 microns of Hg. The air-cooled specimen 
ibove subcommittee. 


T A meeting of Committee F on Fatigue Testing 
(Structural) in 1940, it was decided to form a sub- 
committee which would make a special study of 


2. Acknowledgments 


The tests described in this paper are a part of the 
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entered into by the Engineering Experiment Station of 
the University of Illinois, of which Dean M. L. Enger vy 
is the Director, and the Public Roads Administration, ed 
Federal Works Agency, of which Thomas H. MacDonald . j 
is Commissioner. The test program was carried out in ie 
the Arthur Newell Talbot Laboratory, and the Metallurg- ¢ 4 
ical Laboratory, both of the University of Illinois, under 
the general supervision of Professor W. M. Wilson J 
The interest and guidance of the subcommittee in inter- is | 3° 
preting and discussing the results of the investigation i, 
were helpful in shaping the data for public presentation. 
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Fig. 1-——Specimens Subjected to Various Heat Treatments 


Series lreatment After Machining 
3. Description of Specimens A 
B Stress relieved 

The object of the tests was to determine the effect of l-in. diameter spot at center heated to temperature 
actually depositing a weld, upon the fatigue strength l-in, diameter spot at cf OOP to temperature 
ot carbon-steel specimens. The details of the specimens D above critical and quenched to produce hard 
and a schedule of the heat treatment to which each structure and thermal stresses 


in. transverse strip at center heated to temperature 
E above critical and quenched to produce hard 
structure 


series of specimens was subjected are shown in Fig. 1. 


‘ITo be presented at the Annual Meeting, A.W.S., Cleveland, Ohio, Oct The lower critical temperature for the steel used in these 


li to 19, 1944 

' Res. Asst. Prof. of Met. Eng., University of Illinois, Urbana pa ogee was of the order of 132 F. for slow heating and 

cooling 


Instructor in C.E., University of Illinois 
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received no subsequent heat treatment prior to testing. 
All specimens were tested on a cycle in which the stress 
varied from 20,000 psi. tension to an equal compression. 
The water-quenched specimen in the as-quenched condi- 
tion broke near mid-length and away from the shoulders 
at 1,167,900 cycles, the air-cooled specimen broke in the 
filleted shoulder region at 665,500 cycles, and the water- 
quenched stress-relieved specimen had not broken when 
the test was discontinued after 3,105,900 cycles. 

A standardized procedure for strengthening the 
shoulders of the specimen was established as a result of 
the tests described in the previous paragraph. This 
procedure was the same as the one described above 
except that two ‘/s-in. steel plates were clamped to the 
opposite sides of each specimen before flame treating the 
shoulders. These steel plates covered the middle por- 
tion and their ends came to within '/; in. of the beginning 
of the shoulder fillets, thus restricting the heating mainly 
to the shoulder region. Immediately after passage 
through the heating area the specimen with attached 
shield was quenched in water. This operation was 
solely for the purpose of strengthening the shoulders so 
as to cause fatigue failure to occur in the middle portion 
of the specimen away from the shoulder, and was ap- 
plied to all specimens. The subsequent heat treatment, 
the effect of which is being studied, is described in Fig. | 
and the details for the various series are given in the 
following paragraphs. 

Series A 
Specimens were machined from as-rolled plate and 


were in the as-rolled condition except for the shoulder 
heat treatment. 


Series B 
Specimens were held in a vacuum at a temperature of 
1150° F. for '/, hr. and then cooled in the furnace. 


jo 
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Series 
Specimens were fitted with a shield of 7/,-in. ste 
plate on each side. Each shield contained a 1-in. d 
eter hole which was centered at mid-length of th 
specimen. Small, stationary torches heated th >) 
diameter central spot for 35 sec. whereupon the spe Spec 
men with attached shield was quenched in water u ¢ 
tests for which a thermocouple was placed at the bott the 
of a drilled hole which terminated in the center o/ t! spe 
heated spot at mid-thickness of the specimen, indicat pou 
that this region reached a temperature of 1100° F test 
sec. It was, therefore, assumed that the test specimens at 


which were subjected to the same heating procedure, wer 
heated to the same temperature. This being true, water 
quenching from this temperature would not cause an 
metallurgical change but would produce thermal stresses 


Sertes D 


Specimens were fitted with the same shield as tly 
Series C specimens and the 1-in. diameter spot in th 
center was heated for 2 min. before quenching the as 
sembly of specimen and shield in water. Pilot tests hac 
shown that this treatment would produce za temperatur 
of 1660° F. in the center of the spot at mid-thickness 
the specimen. 


Series E 


Specimens were fitted with a shield of */s-in 
plates. This shield was of such a character that thet 
was an unprotected transverse strip on each side 
wide and at mid-length of the specimen. This assem!) 
was passed through the heating region at the rate oi! ( 1 
per minute and then quenched in water. Temperatur 
measurements were attempted during pilot tests 0! 
Series E but were unsuccessful due to the destruct 
of the thermocouples when the torch flames impinge¢ 
upon them. Surface temperatures of the order of | «‘! 
to 1750° F. were judged to have been attained by 0! 
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being one on each edge and five on each face of the 


o<i@o . re specimen, as shown in Figs. 2 to 6. 
oo The load-strain relation for the five specimens, one for 
Lae) Area 0934 $9.0 each series, is given by the diagrams of Figs. 2, 3, 4, 0 and 


6. As plotted, the values for gage lines No. 6 and 12 ar 


the measured strains on the edges. Each of the other 


38 
es 2782 values is the average of the strains measured on corre 


sponding gage lines on the two faces. These strains are 
| ee plotted for each of the load increments. 

—} Specimen AS, Fig. 2, which had received no heat 

| | treatment, appeared to have a uniform strain distr 


L—-+$-—+}— after eccentricity of the load or some other factor* 

caused the strain to increase on one edge of the speci 
men and to decrease on the other edge. 

Specimen B10, Fig. 3, the stress-relieved specimen, was 


| - . 
bution for the first two increments of load, but there 


AS FIG. 4 4 similar to AS, in that after the first two increments of 
$ STRAIN O/STR/BUTIIN ACROSS S g load, the strain increased more rapidly on one edge than 
TWE SPECIMEN. S°ECIMEN C/O 8 
8 
| | 


serving the color of the heated area as it moved out of 
the region directly below the torches. lL 


All specimens were cut from ‘/s-in. plate for which 4 
the following chemical analysis is typical of the base ca 
metal: C, 0.25; Mn, 0.45; Si, 0.01; P, 0.015; S, 0.03°%. FIG © 

STEAIN OISTRIBUTION ACROSS 
THE SPECIMEN. SPECIMEN E8 
4. Static Test of Fatigue-Type Specimens ee 


a 02 


Static tests were made upon a pair of fatigue-type 
specimens of each series. The test upon one specimen 
f each pair was made to determine the distribution of 
the strain across the specimen; the test upon the second 
specimen of each pair was made to determine the yield 
point, ultimate strength and reduction of area. In the 
tests to determine the strain distribution, the strain was 
measured on twelve 2-in. gage lines at mid-length, there 010 


1730 


0 23 o 


Aree 0 91 59/7 


V | | 


on the other; however, there was no decrease in strain 
on the other edge. 

The specimen with the most uniform strain distribution 
was C10, Fig. 4, which had a 1-in. diameter spot at the 
center that had been heated to a temperature of 1100° F. 
which is below the lower critical temperature and then 
quenched, There is no indication that the heat treat 
ment had any effect upon the strain distribution at the 
lower loads but the last reading, taken at 34,820 Ib., 
indicates that a larger yielding had begun to take place 
along the edges of the specimen than in the center. 

Specimen Ds, Fig. 5, had a 1-in. diameter spot at the 
center that had been heated to 1660° F., which is above 
the upper critical temperature, and quenched. The 
measurements very definitely show the effects of this 


aaa hardened spot upon the strain distribution. The elonga 
STRAIN DISTRIBUTION ACROSS 


THE SPECIMEN. SPECIMIEN DS 


| 


* The ends of the specimens were bolted to pin-connected pulling head 
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tion was much greater at the edges than at the center 
of the specimen at the 29,535-lb. load. 

The fifth specimen, ES, Fig. 6, which had a 1-in. trans 
verse strip at the center that had been heated above 
the upper critical temperature and quenched, had a 
fairly uniform strain distribution for loads below the 
yield point. There was, however, a marked variation 
ini strain across the section at high loads due, probably, 
to the variation in hardness resulting from the method 
of heating used. 

The effect of the heat treatment upon the stress-strain 
relationship is shown by the diagrams of Fig. 7. The 
strain plotted is the average of the strains from the 
twelve gage lines.* 

The effect of the heat treatment on Specimens C and D 
in producing thermal stresses and in raising the yield 
point of a portion of the material is reflected by the shape 
of the stress-strain diagrams. The effect of the heat 
treatment on Specimen E was to raise the yield point 
on a narrow transverse strip across the specimen at mid- 
length and yielding began at the ends of the 2-in. gage 
lines before it did at the middle. Consequently the 
yield point, as shown by the stress-strained diagram, is 
less pronounced for the E specimens than it is for the A 
and B specimens. The above statements relative to the 
C, D and E specimens are verified by the fact that in the 
second set of static tests, in which it was attempted to 
obtain the yield point of the material by the drop of the 
beam, it was impossible to determine the yield point for 
specimens of these series. 

The physical properties of the material as determined 
by static tests of the fatigue-type specimens are given in 


Specimen 
No 


AS 
AQ 


BS 

BY 

BLO 
Central 
CS 

C9 
C10 
Central 
DS 

D9 


l-In. Strip Heated Above Upper Critical and Que: 


ES 
E9 


* Yield point as determined by the drop of the beam 
+ The ultimate strength was based upon the gross cros 


area 


t The elongation was determined only on the specimer 


gage holes 


A Series, 


It was tested on a cycle in which the stress varied fron 


Table 1—Physical Properties of Material 


Static Jests of Fatigue-Type Specimens 


Strength, 


Elongation 


Yield psi, in 2 In.,f “ere 
Point* Ultimate 
As-Rolled 

S80 30.0 

30,100 66,710 
Stress Relieved 

67,220 25.0 
31,520 62,030 

60,200 97.5 


Spot Heated Below Lower Critical and Qu 


64,530 23.5 
64,430 
65,330 22.5 


Spot Heated Above Upper Critical and Qu 
73,020 16.0 
74,520 


64,690 12.0 
65,740 


SECTION 


The fracture was through these holes in each insta: 


which was machined from the as-rolled plat: 


‘ . vcle 
Table 1. The effect of the heat treatment upon the re- 0 to 28,000 psi. tension but was found to elongate s A C 
duction of area is apparent from the photographs, Figs. “as mee stres 

toate occurred after 634,600 cycles, as 
8, 9 and 10, which show the specimens after failure. failec 
shown in Table 2, and the crack was */, in. from mid faite 
length of the specimen (see Fig. 1). : 
gth I M 
5. Results of Fatigue Tests Fatigue tests were next made on three spec imens fr the 
each of Series A, B, C and D, using a cycle in which th fiec 
The first fatigue test was made on Specimen Al of the Stf€sS varied from tension to an equal compression, as thou 
shown in Table 2. The specimens of the B senes 
buckled somewhat under the compressive stress oi 
The s te Spec ms / anc 0 dicate ‘TOSSES re pre 
Specimen an indicated by crosse were 25,000 psi., which may have reduced the number of 
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Fig. 7—Stress-Strain Diagrams for Fatigue-Type Specimen 
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Fig. 8—Photograph of Specimens AQ (Left) and B9 (Right) 
After Static Tests 


cycles for failure. Bending was less noticeable for the 
A, C and D series for which the maximum compressive 
stress was 23,000 psi. 
failed at less than 800,000 cycles while the third had not 
jailed after undergoing nearly 4,000,000 cycles. 

Most specimens of the A, B, C and D series broke near 
the shoulders indicating that the buckling may have 
affected the results of the tests. For this reason it was 
thought desirable to use a fatigue cycle in which the 
compressive stress would be less than 23,000 psi. to 
prevent buckling, and a tensile stress which would not 
exceed 28,000 psi. to prevent undue stretching. A 
stress cycle in which the stress varied from 28,000 psi. 
tension to 16,000 psi. compression was, therefore, used. 
The results are given in Table 3. 

The effect of the heat treatment upon the resistance 
to fatigue could be obtained only qualitatively because 
the fractures occurred outside of the heat-treated areas. 
However, a study of the fatigue data from Table 3 is 
possible on the following basis; 

Averages for each series. 
Averages of all tests of a series except the one with 
the greatest number of cycles for failure. 

4. The minimum for each series. 


Che values of the quantities determined by the criteria 
are as follows. 


Av. of All Tests 
of A Series Except 
the Test with the 
Greatest Number 

Av. of All Tests of Cycles for All Tests of 
of A Series Failure A Series 


(1) (2) (3 


Minimum of 


569,600 
340,000 
1,492,800 + 
1,748,800 4 

1,131,800 


190,200 
276,900 
103,480 
798,470 
$198,550 


$76,500 
168,600 
265,900 
584,700 
461,800 


(his tabulation appears to justify the following state- 


Two specimens of the C series. 


Table 2—Results of Preliminary Fatigue Tests 


Specimens Tested on Cycles of Varied Stress to Determine Best 
; Cycle to Be Used in Subsequent Tests 


l hstanice ot 
Fracture from 
No. of Mid-Length 
Cycles for of Specimen, 
Failure In 
Series A 


Specimen Stress 
No Cyc kc Psi 

As-Rolled Specimens 
Al O = tension 38,000 634,600 
A4 Complete reversal 23,000 190,000 
A5 Complete reversal . 23,000 190,300 
A6 Complete reversal 23,000 297,300 

Series B 
117,100 
137,800 
95,600 
279,000 


Stress-Relieved Specimens 
B4 Complete reversal 25,000 
B5 Complete reversal 25,000 
B6 Complete reversal 25,000 
Bl Reversal +29 000 
— 15,000 
Specimens with 1-In. Diameter Spot Heated Below Lower Critical 
Temperature—Series C 
C4 Complete reversal 23 000 791,000 2 
C5 Complete reversal 23,000 3,889,000 Did not fail 
C6 Complete reversal 23 


406 000 1! 


Specimens with 1-In. Diameter Spot Heated Above Upper Critical 
Temperature—Series D 
D4 Complete reversal 23,000 4,454,700 Did not fail 
D5 Complete reversal 23.000 3,253,400 l7/s 


D6 Complete reversal 23,000 4,069,900 15/, 


Specimens with 1-In. Wide Strip Heated Above Upper Critical 
Temperature—Series E 
+-29 O00 
— 15,000 


Reversal 660,000 


* The point of tangency of the shoulder fillet was 2'/, from 
mid-length 


Table 3—Results of Final Fatigue Tests 


Stress in Cycle Varied from 28,000 Psi. Tension to 16,000 Psi 
Compression 


Distance of Fracture 
from Mid-Length of 
Specimen, In.* 


Series A 


Specimen No. of Cycles for 
No. Failure 
As-Rolled Specimens 
503 900 
$76,500 
728,300 
569,600 


Stress-Relieved Specimens——-Series B 
B2 385,21 
B3 168,600 
B7 166,200 
Av 340,000 


Specimens with 1-In, Diameter Spot Heated Below Lower Critical 
Temperature—Series C 
265,900 9 
197 200 |! 
$47,200 
4,760,800 4 


Did not fail 
Av 1,492, 800-4 


Specimens with 1-In. Diameter Spot Heated Above Upper Critical 
Temperature—Series D 
D1 1,177,900 
D2 632,800 
D3 584,700 
D7 1,599,800 4 Did not fail 
Av 1,748,8004 


Specimens with 1-In. Wide Strip Heated Above Upper Critical 
Temperature-—Series E 
161,800 1! 
535,300 15/s 
2,398,300 1! 
1,131,800 


* The point of tangency of the shoulder fillet was 2'/» in. from 
mid-length. 
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upon the resistance to fatigue. 

Sertes B. Stress Relieved by Heat Treatment.—All 
criteria show that this series had the lowest resistance to 
fatigue of any of the series tested. 

Series D. Spot Heated Above Upper Critical Tempera 
ture and Quenched in Water.--All criteria show that this 
series had the highest resistance to fatigue of any of the 
series tested. 

Series C. Spot Heated Below Lower Critical Tempera 
ture and quenched in Water.— The first criterion indicates 
a small increase in the fatigue strength, the second 
indicates a small decrease and the third criterion has no 
particular significance since the specimen broke at the 
shoulder. 

Series E. A 1-in. Wide Transverse Strip Heated Above 
the Upper Critical Temperature and Quenched in Water. 


Fig. 9—Photograph of Specimens C9 (Left) and D9 (Right) 
After Static Tests 


The tests indicate that the heat treatment increased the 
fatigue strength slightly. 

None of the fatigue failures of Series C, D and E speci- 
mens occurred in the heat-treated region at mid-length. 
The fatigue failures for these three series occurred in the 
unaffected base metal between the heat-treated shoulder 
and the heat-treated area at mid-length. The only ex- 
ception was Specimen C1, which failed near the shoulder. 
The fact that failure did not occur in or adjacent to the 
héat-treated area at mid-length is qualitative evidence 
of superior fatigue strength of this area. 

The average numbers of cycles for failure from Table 2 
(23,000 psi. tension to an equal compression,) were as 
follows: 


Cycles 
Series A (Specimens A4, A5, A6).......... 229,000 
Series C (Specimens C4, C5, C6).......... 1,695,000+ 
Series D (Specimens D4,D5,D6)........... 3,926,000 + 
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ments relative to the effect of various heat treatments 


a specimen and quenching in water prevented fatigu: 
failure in the shoulder. This was not true for th 
specimen allowed to cool in air. After the two 
mens representing the water and air quench had failed 
in fatigue they were cut to obtain a cross section of | 
region in the shoulder. 


Vickers diamond pyramid indenter along the dot-and 
dash lines shown in the upper part of Fig. 11. The speci 
mens were given a metallographic polish and etch and 
indented for hardness at intervals of 
two dot-and-dash lines, one 0.02 in. from the edge and 
the other along the center of the specimen. The solid 
lines at the bottom of Fig. 11 represent, from top t 
bottom, the hardness values obtained along the lines 
0.02 in. from the edge and at the center, respectively, 

the specimen quenched in water. The dotted lines at 


Fig. 10—Photograph of Specimens A9 (Left) and E9 (Right) 
After Static Tests 


6. Metallurgical Examination 


It was noted in Section 3 that heating the shoulders of 


Hardness surveys were made with a 10 kg. load on 


16 in. along th 
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Fig. 11—Hardness Diagrams for Heat-Treated Shoulders o! 
Water-Quenched and Air-Cooled Specimens 
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Fig. 12—-Macrographs of Heat-Treated Shoulders; Water- 


Quenched Specimen at the Right, Air-Cooled Specimen at 
the Left 


the bottom of Fig. 11 represent the hardness values for 
the air-cooled specimen. 

The hardness contours of the two specimens indicate 
that the shoulder region was hardened by water quench 
ing but was not hardened by air cooling. The macro 
structure of the two specimens before hardness tests 
were made is shown in Fig. 12; the water-quenched 
specimen is at the right and the air-cooled specimen at 
the left. The different etching characteristics of the 
water-quenched portion of the specimen at the right are 
due to the presence of martensite at the outer edges and 
well-dispersed carbides throughout the cross section 
either in the form of bainite or fine pearlite. Practically 
no free ferrite was found in the heat-treated shoulder of 
the water-quenched specimen. The air-cooled speci 
men had practically the same type of microstructure as 
the plate in the as-rolled condition except that the pearl. 
ite and ferrite existed as large grains rather than as the 
small grains of the original plate material. 

It should be noted that the macrograph of the water- 
quenched specimen of Fig. 12 indicates a sharp line of 
demarcation between the heat-treated shoulder and 
the gage portion of the specimen but the hardness con- 
tours for this specimen, Fig. 11, show a gradual transi- 
tion of hardness from the shoulder to the gage section. 

During the heat treatment of the shoulders it was noted 
that as the specimen traveled past the torches at the rate 
of 6 in. per minute, the portion first entering the heating 
area Was not at the same temperature at the time of 
water quenching as the portion last leaving the heating 
area. The variation in hardness resulting from this non- 
uniiorm quenching temperature was investigated by 
making hardness tests on the faces of the water-quenched 
specimen. Four series of hardness indents were made 
with the Rockwell B scale at intervals of '/s in. on the 
transverse lines shown on Fig. 13. The range in hard- 
ness for the various series is given in Rockwell B units 
and in Vickers units as converted from the Rockwell B 
readings as follows: 


Series 1, Range 82 to 110 R.B.* 
Series 2, Range 89 to 97 R.B. 


149 to 303 Vickers 
174 to 213 Vickers 


Series 3, Range 77 to S4 R.B. 


134 to 155 Vickers 
Series 4, Range 75 to 77 R.B. = 129 to 13 


Vickers 
These data indicate that both the maximum hardness 

and the range in hardness from one edge to the other 

decreased from Series | to Series 4, and that the range 


_ was very small for Series 4. Moreover, the hardness in 


Series 4 approached that of the unaffected base metal 
Series 3 shows that the heat treatment had extended 
into the gage portion of the specimen to a point 2 in. 
from the mid-length of the specimen. These studies 
resulted in the standard method for strengthening the 
shoulders wherein a ‘/s-in. plate was placed on each 
side of the specimen, the ends of the plate being 2°/, in 
from the mid-length of the specimen, thus confining 
heating to the shoulders. 


Series B 


The specimens of Series B were stress-relieved by heat 
treatment subsequent to the strengthening of the 
shoulders. A study was made to determine changes in 
hardness and in the microstructure due to this stress 
relieving. A Vickers hardness survey was made at 
mid-thickness of the specimen on Section A of Specimen 
B5, located in Fig. 13. This section is near the edge 
which had left the heating area of the torches just prior to 
water quenching. The hardness range was from 120 
to 140 Vickers which, when compared with the range ot 
120 to 191 Vickers for the similar survey made at the 
center of the as water-quenched specimen shown in Fig 
ll, imdicates that the stress-relieving heat treatment 
had reduced the maximum hardness approximately 50 
Vickers units along the center line of Section A. A 
microexamination made on the polished sample of 
Specimen B5 revealed that the martensite and _ fine 
pearlite microstructure of the as water-quenched shoulder 


* The value 110 Rockwell B was converted from Rockw C reading 
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VICKERS HAROWESS NUMBER 


Fig. 14—Hardness Diagrams for Sample D5T 


had been replaced by a spheroidized structure, the fine- 
ness of the spheroidal carbides and their dispersion vary- 
ing directly with the original hardness of the respective 
areas in the as-quenched condition. It should be noted 
that, although there was only a small range of hardness 
after stress relief, 120 to 140 Vickers along the center line 
of the sample taken, the maximum of 140 Vickers was 
in the shoulder region, and the minimum hardness of 120 
to 121 Vickers was, approximately, at the point of tan- 
gency of the fillet. This may in part account for the 
fact that all of the B specimens broke at or near the 
point of tangency of the fillets. 


Series C 

The specimens of Series C were heated on a central 
spot to 1100° F. and quenched in water to produce 
thermal stresses with a minimum of metallurgical 
changes. Studies were made to determine changes in 
hardness and microstructure on the longitudinal sections 
through the center of the 1l-in. heated spot. These sur- 
veys were made on polished and etched surfaces. The 
hardness indents were made at intervals of '/s in. on a 
line at mid-thickness, parallel with the long axis of the 
specimen. The hardness along this line ranged from 131 
to 148 Vickers, the maximum value being within the 1-in. 
spot that was heat treated. The range of 17 Vickers 
units is an extremely small variation in hardness but it 
should be noted that the minimum value is approximately 
10 Vickers units above the average center hardness of the 
as-rolled material. 
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Fig. 15—Hardness Diagrams for Sample DSL 
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A microexamination of the polished and etched Jong; 
tudinal section through the center of the heate: : 


Dot of 
Specimen C4 disclosed no visible change in mi. a 
ture except for a small area of partially sph idized 
pearlite on one side. This area had a diameter of ap. 
proximately ‘/, in. and extended from the suri on 
which the flame of the torch impinged to a n imun 
depth of 0.02 in. into the body of the specimen Th, 
indications from these data are that one of the | Irches 
had heated the surface slightly in excess of 1100 
Series D 

The specimens of Series D were heated on a central 


spot to 1660" F. and quenched in water to produce 
thermal stresses and metallurgical changes. Two sam 
ples, whose locations are shown in Fig. 13, were cut from 
Specimen D5 after it had failed in fatigue. Sample 
D5T was a transverse strip across the full 2'/»-in. width 
of the specimen. The surface that was examined after 
being polished and etched was a section through th 
center of the l-in. centrally heated spot. The other 
sample, D5L, was a longitudinal strip extending upward 
from a transverse plane '/s in. from the transverse diam- 
eter of the heat-treated spot. 


Fig. 16—Macrographs of Samples D5T and D5L 


The results of hardness surveys made on these samples 
are given in Figs. 14 and 15. The location of Series 1, 
2 and 3 is shown in the lower portion of Fig. 13. Th 
maximum hardness for Series 1 and 2 of Sample D5T, 
shown in Fig. 14, was 224 Vickers and occurred in the 
center of the heated l-in. spot. The hardness contours 
for the two sides were closely similar. The center of 
the heated spot was slightly harder (240 Vickers) as 
shown in Series 3 than as shown in Series | or 2, indicat 
ing that either the plate material had a higher carbon 
content in the center than near the surtaces or the 
central l-in. spot attained a higher temperature at muid- 
thickness than at the outer surfaces during the 2-min 
heating interval. The hardness was practically the sam 
for D5L, shown in Fig. 15, as for D5T except that the 
maxima were not as high. 

The macrostructures of the two samples, D5T and 
D5L, are shown in Fig. 16. The full transverse section 


_of the 1-in. spot is represented by Sample D5T, which 


shows the typically cored or banded structure of 4 
rimmed steel for which carbon segregation is usually 
responsible. 

Micrographs Nos. | to 5 of DST, Fig. 17, show typ: al 
microstructures as follows: 

No. 1, at the center of the heated spot and 0.02 in 
below the surface of the specimen where a maximut 
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Region 5 


hardness of 223 Vickers was found, shows large grains of 
fine pearlite and no free ferrite. 

No. 2, '/, in. from the center of the heated spot and 
0.02 in. from the surface of the specimen, shows small 
grains of fine pearlite with considerable free ferrite. 

No. 3, 0.02 in. from the surface of the specimen and 
'/: in. from the center of the heated spot, a region which 
had attained a temperature just slightly above the lower 
critical, shows the original base metal in which only the 
pearlite grains have suffered a change. 
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DST 


we 


Region 4 


Fig. 17—Microstructures in Various Regions of Samples D5T and 


No, 4, at mid-thickness of the specimen, a region for 
which a maximum hardness of approximately 235 Vickers 
was found, shows fine pearlite grains with ferrite en- 
velopes. 

No. 5, base metal */, in. from the periphery of the 
heated spot, a region well under the shield of the 7/¢-in. 
plates, shows a precipitation in the ferrite due to the 
simultaneous existence of strain and subcritical tem 
peratures. 


Series E 


The specimens of Series E were heated on a 1-in. 
transverse strip to a temperature above the upper critical 
and quenched in water to produce thermal stresses and 
metallurgical changes. Three samples, E4L1, E4L1-2 
and E4L2, were cut from Specimen E4 after it had 
failed in fatigue. The location of these samples is 
shown in Fig. .18 and their macrostructures are shown 
in Fig. 19. Three series of hardness readings were taken 
on each sample, Series 1, Series 2 and Series 3, located as 
shown for Sample E4L2 in Fig. |S. 

The results of the hardness surveys are given in Figs. 
20, 21 and 22. Only Series | is shown for Sample E4L1, 
Fig. 20, since the hardening was uniform and Series 1 
is representative of the whole sample, the maximum 
hardness being 1S2 and the minimum 165 Vickers. The 
Series 1 and 2 hardness contours of Sample E4L1-2, 
shown in Fig. 21, exhibited some local hardening in the 
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region of the heated strip but the maximum hardness 
was only 188 Vickers and the minimum was 130 Vickers. 
Series 3 for this sample indicates decreased hardening in 
the center of the heated strip at mid-thickness of the 
specimen. 

The hardness contours, Series 1 and 2 of Sample 
E4L2, Fig. 22, exhibited an extreme variation in hard- 
ness from a maximum of 517 to a minimum of 140 
Vickers. Series 3 shows a variation from 517 Vickers 
near the surface to 223 at mid-thickness. 

The hardness contours in Fig. 22, which are for the 
edge of the specimen last entering the flame, suggest 
that the */,-in. plates used as shields on both sides of the 
specimen were highly effective in restricting heating 
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Fig. 18—-Location of Samples and Hardness Surveys Specimen 
E4 


where the time interval between heating and quench- 
ing was short; but the contours in Fig. 20, which are 
for the edge of the specimen first entering the flame, 
indicate that, with the longer time interval between heat- 
ing and quenching, the portion of the specimen adjacent 
to the unprotected strip had been heated by conduction, 
The large variation in hardness from one end of the 1-in. 
strip to the other could have been prevented by the use 
of multiple torches which would simultaneously heat the 
entire strip, or by use of quenching jets immediately 
following the torches. . 

Micrographs, regions | to 5, Fig. 23, show typical 
microstructures as follows: 

No. 1, a region 0.02 in. from the surface of the speci- 
men and in the center of the heated strip of Sample 
E4L2, shows a fully martensitic structure. 
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Fig. 21—-Hardness Diagrams = Sample E4L1-2 from Specimen 
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fig. 22-Hardness Diagrams for Sample E4L2 from Specimen 
E4 


No. 2, a region in the center of the heated strip in 
sample E4L2 at mid-thickness of the specimen, shows 
ine pearlite grains with little free ferrite. 

No. 3, a region 0.02 in. from the surface of the speci- 
en and */ in. from the center of the heated strip in 
Sample E4L2, was heated either for an insufficient time 
r to an insufficient temperature to fully austenitize the 
region. This is evident from the grains of martensite 
surrounded by ferrite grains with an occasional fine 
earlite envelope surrounding the niartensite. 

No. 4, between regions | and 2 in the center of the 

ited strip of Sample E4L2 and approximately '/s in. 
rom the surface of the specimen, shows grains of mar- 
tensite surrounded by areas of fine pearlite. 

_ No. 5, a region in the center of the heated strip of 
Sample E4L1, 0.02 in. from the surface of the specimen, 
vas in the part of the specimen which first entered the 
heating zone and therefore had cooled considerably in 
the interval between heating and quenching. The 

region had a mixture of large and small grains of pearlite 

nd ferrite, and the hardness varied from 175 to 182 


Vickers 
7. Discussion of the Data 


rhe results of fatigue tests have been compared in 
Section 5. It should be noted, as shown in Table 3, that 
specimens of the C, D and E series failed in the region 
eiween the heat-treated shoulder and the heat-treated 
portion at mid-length. The only exception was Speci 
men Cl which failed at the shoulder. The failure for 
these specimens (except Specimen Cl) was shown by 
metallurgical examination to be in the unaffected base 
metal. Therefore, the fatigue strength could logically 
be expected to be no higher for these specimens than for 
the Series A specimens, which, exclusive of the heat- 
treated shoulders were in the as-rolled condition. 
mens C2, D2, D3, E5 and EG did, in fact, fail within 
the range of the number of cycles for failure of the 
4 series A specimens while Specimen C3 was just outside 
i this range. The exceptional specimens, C7, D1, D7 

‘ ind E7, each withstood one million cycles or more. 
Specimens D1 and E7 failed in the unaffected base metal 

It is the opinion of the authors that the exceptionally 
large number of cycles withstood by Specimens D1, 
E7, C7 and D7 are without significance. The significant 
lact is that no failures occurred in or adjacent to the 
heat-treated central region of the C, D and E specimens. 

lhe nonoecurrence of failure in the heat-treated regions 

1 Senes C, D and E specimens is, itself, an indication 


Speci 
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of superior fatigue strength of the locally heat-treated 
areas, but no quantitative measure of the superiority is 
possible. 

The data on static tensile tests shown in Table | 
indicate that, except for Specimen BS and Series B in 
general, closely checking values for ultimate strength were 
obtained in each series for the single specimen with a 
row of gage holes on either side of mid-length and the 
single specimen without gage holes. Except for Series 
B and C, duplicate tests were not made on either of thi 
two types of specimen, with and without gage holes. 
The lack of sufficient data on a larger number of speci 
mens of the same type reduces the value which the 
static tensile tests would otherwise have had. A com- 
parison of the trend of the results shows that Series D 
had the highest ultimate strength and the lowest reduc- 
tion of area. Series B, C and E had, except for Speci 
men BS, a lower ultimate tensile strength than the A 
series. The ductility as measured by elongation con 
tinually decreased in the order Series A to E. 

The only apparent correlation between the static 
tensile test data and the data from fatigue tests is that 
failure of the Series C, D and E specimens in both 
static and fatigue tests occurred in the base metal be 
tween the strengthened shoulders and the heat-treated 
area at mid-length. The static specimens with gage 
holes are excepted from the above comparison since 
they broke through either the upper or lower row of 
gage holes. An exact correlation between the static 
tensile and fatigue data could not be expected since 
none of the specimens was uniform in properties due to 
either the shoulder or mid-length heat treatment. In a 
static tensile test on nonuniform specimens it is to be 
expected that the portions which have the lowest vield 
strength are plastically deformed and strengthened thus 
causing the cooperation of other portions having higher 
yield strength. On the other hand, the fatigue test is 
highly selective in causing fracture in regions with the 
lowest strength or where stress is concentrated by geo- 
metric or other factors. 

It should be noted that the B series fatigue data in 
Table 3 show that fracture occurred near the shoulder 
but in the static tests the Series B specimens broke near 
mid-length. The lower number of cycles to failure of the 
B series may to some extent be a reflection of the re 
appearance of the geometrical stress raiser at the shoulder 
due, probably, to the removal during stress relieving of 
most of the original shoulder strengthening provided 
by heat treatment. 

If it were possible to stress relieve by heat treatment 
without causing metallurgical changes, such as the 
spheroidization which occurred in the shoulder regions 
of Series B specimens, it would be possible to disasso 
ciate the effects of residual stress on fatigue strength 
from the effects of metallurgical change. This pr 
cedure was attempted for Specimen Fl and F2 which 
had the same heat treatment as the E specimens with 
the additon that the y were finally stress-relieved at 1000 
F. in a vacuum furnace. 


The results of the fatigue tests 
made on the two specimens are given below 
No. of Cycl ca 

Specimen Stress Cyclh for Failure i 

F] to 16.0 519,900 \ det 

F2 Uto —16.0 140,60 in. from mid 

th 
The numbers of cycles for failure in Specimens F1 and 


F2 were below the range for the A series and approxi 
mated the number of cycles for failure in the B 
mens. 


speci 
rhe fracture of Fl occurred at the shoulder, the 
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8. Summary = 
The following summary is based mainly upon the data 
in Table 3. 
1. Failure at the shoulders of the fatigue specimen: ; 
was prevented by local heat treatment of the shoulders 
2. Stress relieving by heat treatment of the as-rolled 
metal reduced the fatigue strength of the B specimens 
and caused failure to occur near the shoulders. The r 
gion of failure was shown by metallurgical examination 
to be slightly spheroidized metal with a minimum hard 
ness of 120 Vickers. The reduced fatigue strength o! 
the B specimens can be ascribed, in part, to the probabli 
loss of strength of the shoulders and the consequent © 
establishment of the geometric stress raiser because 0! \ 
same as for the B specimens. The fracture for F2 the heat treatment during stress relieving. I 
occurred | in. from mid-length in as-rolle& and stress- 3. The absence of failure in the heat-treated region I 
relieved base metal. The location of failure was the at mid-length of C, D and E specimens indicates that 
same for F2 as for the E specimens not stress relieved. the heat-treated regions had a higher fatigue strenytli 
The only significance of the Fl and F2 tests is to con- than the unaffected base metal in which failure occurred 
firm the previous indication from tests on the B speci- From the data obtained there is no quantitative ind Fi 


mens, that stress relieving reduces the fatigue strength. tion of the fatigue strength of the heat-treated region 
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Some Observations on the Welding 
of Manganese Steels 


By W. B. Brooks! and A. G. Waggoner! 


ABSTRACT 


Theory of hardenability as applied to welding is reviewed and 
y means of the L-Jominy test. Weldability is studied by means 


i Jow notch bend test and microhardness surveys. The actual | 
udenability of low-carbon manganese steels is substantially less 3" 
| 


an the calculated value. The L-Jominy test does not predict 
relative weldability as judged by maximum hardness and slow 
tch bend angles. The effect of varying base metal temperatures 
m 30 to 150° F. is observed. Based on examination of the 
ardenability and strengthening effects of various elements, a high- — = 
nsile steel having a low weld hardenability is designed and tested. 


Introduction 


ANGANESE has for some years been used as 


the basic alloying element employed to give a i KK 
moderate increase in tensile strength when a so- tee 
1*" SLow BENDS SPECIMEN 
called “‘high-tensile”’ steel has been desired. It is rela wos 
tively cheap. The manganese steels are easy to handle | — 
n the mill and possess reasonable ductility and tough 
ness. Despite the broad use of manganese steels in 
welded construction, it is the purpose of this paper to re- | a 
xamine certain aspects of their weldability as it may be 


related to composition, hardenability and welding tech- 
mques. We wish to emphasize that the data and com- 


ments in this paper are based upon the all-weather struc- 3" | 

tural welding of ’/s-in. plate and are not necessarily valid oF 

lor lighter plate and favorable shop conditions and tech- eB 


niques. | 
: | 4 


To be presented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, 
Oct. 16 to 19, 1944. Fig. 2—Specimen Layout 

t Welding Engineer and Assistant Metallurgist, respectively, Cramp Ship g P y 

ding Co., Philadelphia, Pa 
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Literature 


~ In 1938, Burns, Moore and Archer', combining data 
YY from several very competent laboratories covering a con- 


siderable variety of plain and alloy steels, showed that 
the maximum hardness developed in any steel is solely 
a function of its carbon content and independent of any 
alloying elements it may contain. In 1941, Grossmann? 
quantitatively analyzed the hardenability effects of 
most of the alloying elements and showed that on the 
basis of this analysis it was possible to predict the harden- 
ability of alloy steels from their chemical composition 
and grain size. Both of these researches employed the 


Pog rather laborious method of making hardness surveys 

across sections of round bars of various diameters. In 

1938, Jominy and Boegehold® reported a much simpler 

and comprehensive test known as the Jominy test, 

wherein one end of a suitably heated bar was quenched 

by a jet of water. Each position on the length of this bar 

Fig. 1—Type L-Jominy End Quench Cooling Gradient Speci- has a characteristic cooling rate and may be related to 
men and Jig the rates at fixed points on the diameters of various size 
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7 
Fig. 3- Vee Notch Slow Bend Specimen 
Table 1—Chemical Analysis 
2638 .016 .027 .55 .09 .16 «02 
-16 .017 .022 .16 .09 .00 .09 .44 008 
25 2600 25 21 08-08 21 
1.25 .014 .034 .28 .08 .05 .015 .01 
0.40 .012 .046 .02 #114 
Table 2—Mechanical Properties 
Heat # Xield Point Tensile Strength Blong. Bb Re Ae 
421 49,700 71, 200 26.7 55.2 
170 57,000 81,400 23.4 55.3 
627 38,400 67, 200 26.6 53.3 
373 52,000 62,600 26.0 62.3 
689 42, 800 71, 500 31.9 63.6 
497 47,000 73,600 26.6 53.5 
100 48,900 77,400 25.8 53.8 
3o1 50,600 76,100 25.0 57.8 
385 52, 300 60, 300 26.6 54.2 
280 47,900 71,400 29.5 60.9 
621 47,200 72,000 31.2 63.0 
55,500 78, 500 31.5 (in 2") 63.5 
pec.) 

972 69,400 104, 100 23-5 (in 2") 60.1 
aon 34, 600 60, 100 29.4 40.8 
WELDING RESEARCH SUPPLEMENT 
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bars. The tremendous emphasis that this test places 
upon the relationship between cooling rates and hard- 
ness has led to the concept that weldability may be 
quantitatively associated with hardenability. Aborn‘ 
outlined in 1940 the fundamental metallurgy of welding, 
emphasizing among other things the tendency of some 
alloying elements to delay austenite transformation and, 
therefore, to increase the hardness of the heat-affected 
zone. Kinzel,® in 1941, followed with the proposal that 
welding characteristics could be specified on the basis of 
hardenability and ductility for a given hardness equal to 
that observed or anticipated for a certain weld. This ap- 
proach was considerably expanded and developed experi- 


Table 3—Comparison of the Hardenability Values Obtained 


from Chemical Composition 


L Jominy Dist. Ideal Dia. Calculated 
eat 
421 3 1" 1.3 
176 11 1.3" 2.4 
176 Normalized 13 1.6" 


Normalized 


101 1.0 


PER CEKT CARBON 
Fig. 4-- Maximum Hardness Obtainable in Carbon and Alloy Steels 


from L-Jominy Curves and Those Obtained by Calculation 


WELDABILITY OF MANGANESE STEELS 


0,60 


mentally by Doan,° Hess,’ Jackson® and their co-workers, 
who amply confirmed the fundamental theory outlined 
by Aborn.* 

The S-curve developed in a study of the isothermal de 
composition of austenite by and Daven rt’ 
and, indeed, the shape of many Jominy curves offer very 
useful means of evaluating welding data and planning ex 
perimental or commercial work. Both types of curves 
show very clearly that the cooling rate necessary to form 
100% martensite is very critical and that it is quite 
fruitless to attempt to extrapolate weldability tests over 


HOLAL Oi 


CARBOK, PERCENT 


Fig. 5—-Relationship of Carbon Content and Ideal Diameter for 
Various Grain Sizes 
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conditions which will cause the cooling rate to vary. 
The S-curve has indicated (the Jominy curve is more 
practical, although not as theoretically explicit) the type 
of welding conditions, 1.e., preheat and cooling rates, 
necessary to obtain a desired hardness for a given alloy. 


Materials Studied 


All heats but 421 are commercial open-hearth steels 
from three different mills. They were examined in the 
hot-rolled condition except where noted. Heat 421 is a 
10-ton electric furnace heat which is described more fully 
in subsequent pages. 


Procedure 


Each steel was studied in the following manner. L- 
Jominy tests were made. The specimens were heated for 
one hour at 1800° F. in a Hayes controlled atmosphere 
furnace with the specimens resting vertically on a carbon 
block to minimize the scaling as much as possible. The 
elapsed time between removal of the specimen from the 
furnace and the start of the quenching was 2-3 sec. The 
specimens were left in the jig (Fig. 1) for 15 min. The 
location of the flat face on which the hardness impres- 
sions were taken relative to the thickness of the plate was 
standardized by grinding the face at an angle of 45° 
from the surface of the plate. Due to the light wall 
thickness of the L-specimen, Rockwell A readings were 
made and converted to Rockwell C. The bars were not 
normalized prior to testing except where noted. 

Using A.W.S. Type 6010, */1-in. diameter electrodes 
at 175 amp., 30 v., 7 in. per minute (45,000 Joules per 
inch), a welding bead 6 in. long was placed in the center 
of a plate 8 x 12 in., Fig. 2. As shown in Fig. 14 (5), it 


Table 4—Calculation of Hardenability of Heat 225 


Factor Calculation 
0.148 165 105 
Mn 1.41 144.8 
P 0.016 l¢ 2.01x%P 1.34 
s 0.028 1-0.50x%S5S 


0.67 x & Si 


1.53 
0.07 1¢ 2.l0x%C& 1.76 
Ni 0.16 1+ 74 x% Ni 1.97 
Cu 0.32 le 24 x%Cu 2.12 
Mo 0.02 1¢ 2.53 x & Mo 2.22 


Ti 0.023 1¢ 5.56 Ti 2.5 


* Grain size 4 


is vital that the location of each specimen removed from 
the welding bead in an experiment of this kind be car 
fully standardized. ‘The thermal cycle along the bead 
varies considerably. The direction of rolling was paralle! 
to the 8-in. dimension. The consistency of welding speed 
was obtained through practice by a skilled operator in 
the following manner. Chalk lines 1 in. apart wer 
placed across the plate and an assistant using a stop 
watch called out seconds to help the operator to gage his 
speed as he progressed from one chalk line to the n 
With the technique of this particular operator, it deve! 
oped that he employed at this speed eleven oscillations ot 
the electrode per inch and it took him 8'/», sec. to go from 
one line to the next. 

These tests were made with base metal temperatures 
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Fig. 6—Hardenability Lines for Some Elements 
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ct Fig. 7~ Typical Jominy Curves for the Steels Studied in This Investigation 


F., room temperature, and 150° F. Thirty de- clay had reached the desired temperature. Welding was 

grees Fahrenheit was obtained by placing the plate in a done in the box. The carbon dioxide atmosphere pre- 

large insulated box containing dry ice untilathermome- vented excessive sweating. 

ter sealed against the surface of the plate with modeling Preheating was done with an oxyacetylene torch, con- 

trolling temperatures by means of a contact pyrometer. 
Specimens for hardness survey were prepared as for 

microscopic examination using electrolytic polishing, and 
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Fig. 8—Relationship of Cooling Rate and Distance on Jominy 


Bar for Standard and L-Type Specimen Fig. 9—Effect of Heat Input on Cooling Rate 
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etching with Villela’s reagent. The specimen was 
mounted on a stage capable of being mechanically moved 
to give accurately the desired spacing between impres- 
sions. The hardness impressions were measured on a 
Bausch & Lomb metallurgical microscope using 150 
magnifications for impressions exceeding 0.190 mm. in 
length and 280 magnifications for impressions less than 
0.190 mm. It was found that 100 magnifications did not 
sufficiently resolve the ends of the impression to give ac- 
curate readings. The impressions were spaced 0.005 in. 
apart. The load was | kg. 

The slow notch bend specimen was prepared as in 
Fig. 3. 

In this way, the distance between the bottom of the 
notch and edge of the heat-affected zone, and the volume 
of metal below the notch are kept constant regardless of 
variations in depth of penetration. The specimens were 
placed notch down in a standard guided bend test jig and 
bent in a hydraulic testing machine. The angle of maxi- 
mum load was recorded as the bend angle. All bend tests 
were made two days after welding. 


The Estimation and Measurement of Hardenability 


We have seen from the work of Burns, Moore and 
Archer,'! Fig. 4, that carbon content alone determines 
maximum hardness. Thus, if a very small piece of 0.15% 
carbon iron-carbon alloy is drastically quenched, it will 
have a Rockwell C hardness in the order of 45. The ad- 
dition of alloying elements will not significantly raise this 
figure and may lower it through making possible the re- 
tention of some austenite. 

In welding, cooling rates are usually less than those 
required to fully develop the theoretically possible maxi- 
mum hardness based on carbon content, and the hard- 
ness actually obtained is a function of both the carbon 
content and hardenability of the steel. During the weld- 
ing operation, a zone of base metal is heated above the 


ACTUAL RARDOWESS (PLATE TLHP. - ROOM) 


dw jeu we due 


PREDICTED KROOP HARDNESS 


Fig. 10—Relationship of Observed Heat-Affected Zone Max 
mum Hardness and Predicted Hardness 


lower critical point, the temperature of this zone rising 
from the lower critical point to the melting range as th 
base-weld metal interface is reached. Likewise, grai: 
growth and the solution of carbides increase as this inter 
face is approached, grain growth and the complete solu 
tion of carbides both favoring hardenability. The cooling 
rate is highest immediately adjacent to the interface and 
diminishes at increasing distance from the weld deposit 


Table 5—Maximum Hardness Numbers and Slow Notch Bend Angles for Varying Base Metal Temperatures 
(Bead-Weld, 175 Amp.) 
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Heat Plate Temperature 
30° F. Room 150° P. 

Knoop Bend Angle Knoop Bend Angle Knoop Bend Angle 
421 302 11° 294 11° 283 124° 
621 420 13°, 142° 360 144° 339 223°, 223° 
176 16 10°, 103° 403 13° 354 153° 
280 411 9° 403 114° 302 20° 
497 302 10° 354 134° 329 194° 
100 401 6°, 6° 450 6°, 63° 386 10°, 104° 
689 449 64° 400 94°, 10° 367 143° 
385 416 4° 416 6° 375 14° 
972 401 4° 459 6° 449 6° 
361 416 64° 415 7 367 104° 
332 326 123° 284 163° 
627 302 14° : 367 14°, 15° 354 164° 
101 329 224° 263 24° 302 25° 
373 440 53° 410 63°, 7° 370 11° 
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4 would just harden to a structure containing 50°, marten- 
site at its center when given an ideal quench. The effect 
© *00 of most alloying elements is to increase the hardenable 
| diameter, or, in other words, to lower the minimum cool- 
os ing velocity necessary to attain a highly martensitic hard 

To illustrate, a pure iron carbon alloy, 0.30°%, carbon, 
No. 4 grain size, has a hardenable diameter of '/, in. 
If to this alloy is added 0.40° chromium, it is found that 
a bar '/. in. will harden through. The 0.40°;, chromium 
is assigned a hardenability factor of 2 since it doubled 
the hardenable diameter. 1.1°; chromium will increase 
he | this hardenable diameter to | in., this amount of chro- 
; ° mium having a hardenability factor of 4. These effects 
hold true in the presence of other elements. Thus, if a 

oO? ae carbon-molybdenum alloy has a hardenable diameter of 
° 1 in., 0.40%, chromium will increase it to 2 in. If to this 
+  carbon-molybdenum-chromium alloy 0.50°; manganese 

° 249° is added, the diameter is increased to 6 in. It is to be 
ual’ elements are factorial and not additive. These 
effects of alloying and residual elements have been stud- 
| ied and confirmed by Grossmann,’? Kramer,'? Crafts'*. 

and others. In fact, this conception of hardenability 

1} 1111 and these studies may be said to have been confirmed for 

medium carbon steels on a broad industrial scale since 
they are the root of the development of our emergency 
low-alloy steels. Figure 5 is from Grossmann? giving the 

Fig. 11—-Relationship of Distance to Rockwell C 33 on L-Jominy effect of carbon content and grain size. Figure 6 is a 

Bar and Vee Notch Bend Angle composite from the work of Crafts and Lamont!‘ show 
ing the hardenability effects of most of the elements en- 
countered in structural steels. 

It isin this zone next to the interface and several thou The theoretical hardenability, according to Gross 
sandths of an inch across that the highest hardness and mann, ef al., has been calculated and is recorded in Table 
racks, if they occur, are found. The hardness and prob 4. Heat 385 1s used to illustrate this calculation employ- 
bility of cracks in this zone are determined by the cool- ing factors, Table 4. 

ingrate and by the hardenability of the steel being welded. This theoretical calculation works out very well with 

Hardenability must not then be confused with this medium-carbon alloy steels, and indeed, in a qualitative 
maximum hardness which is determined by carbon con- manner may be used to predict the hardenability and 
tent alone. It is that property of a steel which deter- weldability of low-carbon steels, Fig. 7. Steels having 
mines the minimum cooling rate above which this hard- curves of the shape illustrated by Heats 100, 627, 972 will 
ness will be attained. Research work using maximum develop very high weld hardness and low bend angles 
hardness as a reference point has been attended by ex- However, we have found and it is reported elsewhere 
perimental difficulty, and Grossmann* selected as a_ that observed hardenability may be considerably less 
measure of hardenability the diameter of a bar which than that calculated. Since so much emphasis‘ a, 86 
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Fig. 12 (a)—Microstructure of Heat 361 Following a 30-Sec. Fig. 12 (b)—Microstructure of Heat 621 Following a 30-S« 


Solution Treatment at 1800° F., Lead Quench for 5 Sec. at Solution Treatment at 1800° F., Lead Quench for 5 Sec. at 
1170° F., and Brine Quench to Room Temperature. Mag 1170° F., and Brine —— to Room Temperature. Mag 
500 
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Fig. 13—Microstructure at 500 x Showing Base Metal 
Cracks Beneath 45,000 Joules per Inch Bead at 30° F, Plate 
Temperature on Heat 385 


has been placed on Jominy testing, it will perhaps be 
well to examine this further, although we cannot now 
fully analyze the factors causing these discrepancies. 

Observations of production welding in down-hand, 
vertical and overhead positions with !/-, °/ and 
diameter electrodes gave heat inputs of 26,000 to 68,000 
Joules per inch. These heat inputs correspond on 1-in. 
plate’ to cooling rates at 1300° F. of 60 to 130° F. per 
second. These cooling rates occur within a standard 
Jominy distance of */;, in. The L-specimen magnifies 
this portion of the curve and is much more informative 
for shallow hardening steels. 

Although the L-Jominy test appears to be instructive, 
its correlation with calculated hardenability is poor, 
Table 5. With medium and eutectoid steels the concept 
of hardenability is relatively simple. It is based upon 
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Fig. 14 (a)—Knoop Hardness Surveys Showing the Variation 
in Interface Maximum Hardness with Changing Plate Tem- 
perature 
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the minimum cooling rate,’ which will just pre, 
transformation of austenite to pearlite at the tem] 


in which this reaction sets in most promptly. In: * 
ing low-carbon structural steels, however, the s) “re 
complicated by the presence of considerable 
toid ferrite. Mehl suggests" that upper bainite js a; 
aggregate of ferrite and carbide nucleated by {.;,;; 
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PLATE TEMPERATURE 75 , 
+- WELD BEAD 45.000 J/In. 


----HEAT 361 
——HEAT 621 


ant 


300 


KNOOP HARDNESS NUMBER 


200 


0 +02 +06 «10 old 18 
DISTANCE IN INCHES 


Fig. 14 (c)—Knoop Hardness Surveys on Heats 361, 621 for 
45,000 Joules per Inch Weld Beads at 75° F. Plate Temperature 


We, therefore, cannot expect quantitative agreement 
between calculated and measured hardenability in low 
carbon steels. The calculation is based upon a muc! 
more simple system of reactions than exists in low-carbor 
steels. 

Attempts to correlate Jominy behavior with maximun 
hardness and slow notch bend angles were quite disap 
pointing. In this connection, it should be pointed ou! 
that the work of Kinzel, Doan and Hess*: * * later con 
bined into a Guide to Weldability of Steels, published | 
the AMERICAN WELDING Society, includes a determin 
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| | | the two steels. Samples were machined to '/s x ‘/4 x 
1 


| 
yp 2in. They were handled by looping a 24 B. & 5S. gage 
| steel wire through a '/\»-in. diameter hole in the center 


= of the specimen. They were austenitized for 30 sec. in 
| 


salt at 1S00° F. and quenched into lead at 1175” F., held 


for 5 sec. and quenched into brine. Figure 12 shows mi 


. | | / / | | crostructure following the treatment. It appears that 
= 


j | | | there is a constituent in Heat 361 which is sparingly solu 
| ble at 1800° F. and which is exhibiting a remarkable in 
Pi/ hibitory effect on grain growth. With this constituent 
f——; undissolved, the two steels have identical hardenability 

| behavior. Its solution at welding temperatures increases 

7 7 the hardenability of Heat 361. This high-temperature 
| solubility is confirmed by the very narrow hard zone, and 


4 4. 
/ | | also by the behavior of the bend specimen which, after the 
» | 4 { maximum load had been passed, was very similar to Heat 
621. A 2100° F. quenching temperature did not change 
wer J 


the close Jominy relationship of these two heats. 

Results of the Knoop hardness surveys are shown in 
VEE NOTCH BEND ANGLE (DEGRERS) Fig. 14 and Table 5. It will be noted that the maximum 
hardness in some cases approaches the theoretical pos- 


Fig. 15 (a)—Effect of Plate Temperature on Vee Notch Bend 
Angles 


T TVTT(CT 
tion of ductility corresponding to hardness. A clear Cort co | HH 
trend is noted in predicting maximum hardness. How- 
ever, all heats but one exceeded the predicted hardness, tt St t+ 
Heat 361 by 140 points, Fig. 10. Similar scatter has SES TT TT to wre 
been noted in other investigations,'! although Doan® re- ERE 
ported fair agreement for steels containing somewhat REN 
more carbon. The Jominy tests were of no use at all in 
indicating bend angle behavior except where the steel 
has a high degreé of hardenability, as in Heat 100. Fig 
ure 11 shows that this is quite hopeless for these steels. ptt tt eh 
It may be that it will work out quite well on higher car- i TTT tre ttt oe 1 
bon steels and lighter plates. Two heats having almost [7 
identical Jominy curves, Fig. 7, gave very divergent re- 3 al 
sults in bend angles and maximum weld hardness. §™ fo} 
Jominy, bend and maximum Knoop hardness tests were [>>> 
repeated very carefully several times in an effort to re- Ht rt 
solve the discrepancy. ae | 

It is, therefore, suggested that the term weld harden- +4 
ibility be used since the Jominy test appears to be in- atta ttt tt 
adequate in predicting either the maximum weld hard- 
ness or the ductility of the heat-affected zone. rr | 
The behavior of these two heats was quite difficult to rt+t tt 44 
explain until some preliminary experiments were under- lel TT tal 
taken to explore possible differences in the S-curves for | TITT TT I t 


BOTCH BERD 


H Fig. 16 (a)—Relationship of Maximum Hardness Number 
3 (Knoop) to Slow Bend Angle 
: ~ sible maximum based on carbon content, and for all the 
: steels is considerably above the level usually considered 
safe. 
S gs These figures should be compared with those cited 
: by Spraragen and Claussen in their review of the litera 
5 ture on hardness and weldability. 
= “Welding Handbook and Hodell adopt 200 Brinell as 
° the maximum hardness permissible near a welded joint, 
the dividing line of B96 Rockwell is used by the Low 
Alloy Steels Committee and 250 Brinell is called critical 
” hardening by Harter, Hodge, Schoessow. Four grades of 
steels based on the ‘average hardness of the heat-affected 
zone’ are proposed by Jackson and Rominski. 
“1. Less than 200 Brinell (no need for preheating or 
VEE NOTCH BEND ANGLE (DEGREES) “2. 200-250 Brinell (slight preheat required for 
Fig. 15 (b)—Etfect of Plate Temperature on Vee Notch Bend thick plates. Stress-relief heat treatment required for 
Angles thick and thin sections). 
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“3. 250-325 Brinell (preheat to 500° F. or over. 
Stress-relief heat treatment is required for all thick- 
nesses). 

‘4. Over 325 Brinell (preheat to 400° F. or over; do 
not cool before stress-relief heat treatment or annealing). 

‘“Theisinger and Bruckner prescribe an increase of not 
over 100 Vickers units above unwelded steel.”’ 

Both the maximum hardness and width of the hard 
zone bear a loose relationship to the Jominy tests. That 
the hardness figures are excessive is confirmed by the fact 
that all heats except 421, 176, 101, 332, Fig. 13, were ob- 
served to have cracks in the hard zone. Recent evi- 
dence’: *® ** has been produced that such cracks are 
caused by a combination of shrinkage stresses, trans 
formation stresses accompanying the formation of mar- 
tensite and stresses caused by hydrogen. This parallels 
industrial experience with the presence of hydrogen in 
alloy steels during their manufacture and heat treat- 
ment. Specifically, it appears that cellulose, commonly 
used in the 6010 type coating, is the source of the hydro 
gen, and that the cracks may be eliminated by employing 
electrodes which do not add great amounts of hydrogen 
to the welding atmosphere. The elimination, of hydro 
drogen, however, does not improve the ductility of the 
hard zone nor the great discontinuity in hardness, Fig. 
13. It does not appear to the writers that the elimina 
tion of cracking by this means necessarily solves the 
weldability problem. For example, it will be seen that 
Knoop hardness figures in the order of 300 to 500 are 
attended by rather low slow notch bend angles. It is be- 


more common than the simple tension which 
so much of our physical testing in laboratories. |; y.... ; 
noted, Fig. 14 (a), that base metal temperatur: 4 3 
influence on the maximum hardness. This is in joo... 
with the common welding experience that welding | 
winter weather around 30° F. brings troubles. 


f 


The Slow Notch Bend Test 


A slight modification was made in the mac! o 
this specimen over that used by Jackson. This insured 
constant distance between the root of the notch ; 
fusion zone, and a constant thickness of metal below +) . 
base of the notch. This test, as compared to the | 
test, is applicable to any thickness of steel. Its o% 
is constant. Welding conditions, plate thickn 
composition may be varied at will. 

It may be argued that this test involves too much | _¢ 


borious and painstaking machining, but the cost, 
reasonable limits, of an informative, reproducib| oe 
curate test is insignificant. We have found this test to | wn 
highly reproducible and informative. It has yield ‘+ 
siderable information on the effect of minor variati 


base metal temperatures as well as upon the relative weld = 
ability of various steels. 
Figures 14 (a) and 15 show the effect of base met 
perature quite clearly and establish the necessity for pr 
heating these steels. Preheating to 150° F. elimi 
cracking for the particular welding conditions studied. 


lieved that this test is quite appropriate to a study of the The curves are reproducible and constitute a nice c} fig. 
weldability of the steels used in engineering structures. on the accuracy and sensitivity of the test. This \ 
It affords a measure of the ductility of the hard zone tion in bend angle with plate temperature parallels t} AS: 
under a system of biaxial stress. Such systems are much with maximum hardness and plate temperature. we SEC 
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It does not appear that the slow notch bend test 1s 
greatly influenced by the presence of hard zone cracks or 
there would have been much greater scatter in Figs. |4 
and 15. This might be expected since the cracks are in 
general parallel to the stresses acting during the bend 
test. 

Figure 16 appears to be a clear confirmation of the re 
lationship between weldability and hardenability as de 
termined under welding conditions. No special alloying 
element or type of steel appears to cause a significant de 
parture from this behavior. It is evident that above 500 
Knoop the ductility decreases very rapidly, and that low 
ductility may be encountered with a Knoop hardness of 
less than 300. It is not known to what extent the weld 
hardenability factors of various elements may differ from 
those established by Grossmann, ef al., for heat-treating 
temperatures, nor is it known to what extent these fac 
tors may be changed in low (less than 0.2057 C) carbon 
steels. However, it seems very reasonable to assume 
that they are of the same order of magnitude, and it ts 
believed that the Grossmann factors should be a guide in 
controlling the hardenability of steels intended for weld 


rttittnddtt 4+ ++ ing. If this is true, it should be possible to produce much 
on STRENGTH QF walters more weldable steels without undue sacrifice in tensile 


properties 


The Relationship of Hardenability and Tensile Strength 


ALLOYING ELEWERT (6 PERCENT Walters, Fig. 22, has attempted to determine strength 
Fig. 17—Effect of Some Alloying Elements on Strength of Steel factors similar to Grossmann hardenability factors 


These are shown in Fig. 16. They are based on experi 

\s with the high hardness noted on these steels, it will mental and commercial normalized steels. While they 

« seen that the bend angles show a behavior which up may be subject to refinement, they are undoubtedly 
to now has not been considered satisfactory. According qualitatively correct and appear to be in g neral agre« 
to Jackson,*! a 15° slow notch bend angle is equivalent ment with industrial and technical experience with low 
60° in the T-bend test on '/s-in. plate. Sixty degrees alloy steels. Figure 17 is a plot combining hardenability 


in the T-bend test on '/,-in. plate is considered by some and strength factors. It is apparent that manganese and 
is the satisfactory minimum. This is equivalent to a chromium greatly increase hardenability without a com 
uaximum Knoop hardness of 300. Another very grati mensurate increase in strength. These curves also dem 


ving feature of this test is its correlation with maximum onstrate the possibility of designing a high-tensile stec lof 
Knoop hardness. Figure 16 includes points for a variety low hardenability and make it quite clear that large 
i steels: nickel, plain manganese, manganese “titanium amounts of manganese or chromium are not vital to ten 
treated,"’ manganese-vanadium, manganese-silicon and sile strength, indeed that high manganese strongly dis 
me carbon-molybdenum steel. The crossed points favors weldability in high-tensile steels. There ar few if 
represent the steels used in this investigation. The any data which show that such a conclusion is valid for 
others are taken from Jackson.'': : *! Figure 16 (a) in chromium. It is believed that the curve for molybdenum 
cludes only the authors’ steels and shows the effect of is too high, and it ts not wholly substantiated by the 
base metal temperatures on this relationship. literature. Based on this plot, an attempt was made to 


Table 6 


Spec. e13-.18 -015=-.040 202=.05 -40-.60 ~10-.20 -10-.20 -10max. -O5max. -06-.12 
Off Heat 1.01 O18 °73 203 ell 


421 2018 027 055 ell 209 02 


Tensile Strength Yield Point @ Elong, in 5" Re As 


Off Heat 
As rolled 92,000 63,000 18.5 38.0 
Normalized 84,000 54,000 24.0 48.0 
L 71,200 49,700 26.7 58.2 
As rolled T 71,200 47, 300 26.2 56.1 
Normalized L 66,750 47,600 31.3 62.2 
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WARDEMABILITY MULTIPLYING FACTOR 


Fig. 18—Relationship of Strength Factors to Hardenability 
Factors for Some Elements in Low-Alloy Steels 


set up a weldable high-tensile steel having properties 
similar to those of the manganese steels under study. 
The specification, analysis and tensile properties of two 
heats are recorded in Table 6. 

The heats were melted in an 8-ton Heroult type electric 
furnace. The phosphorus, sulphur, copper and nickel 
specifications anticipated the actual amounts of these 
elements which could be expected in commercial open- 
hearth production. It was specified that the heat should 
be melted under a single slag and open-hearth melting 
practice followed as closely as possible. The second heat 
yas poured into a 21- x 48-in. hot top 10-ton ingot, 
slabbed to 15 x 52 in., conditioned and rolled to 0.875 x 
160 x 300 in. The tensile properties of the heat were 
quite comparable to those of the manganese steels under 
study. The Jominy curve for this steel is shown in Fig. 
7. It actually indicates a lower hardenability than the 
plain-carbon steel heat 101. 

Its notch toughness is satisfactory down to —60° F. 
and in this respect is superior to rimmed or semikilled 
plate steel. It is susceptible to strain aging embrittle- 
ment as are rimmed and semikilled steels, Table 7. 

Both its Jominy and weld hardenability are less than 
those of the mild steel, Heat 101, Fig. 7 and Table 5. 
The bend angles, Fig. 15, are not satisfactory. This may 
be associated with the Widnianstatten structure, Fig. 19, 
which is more pronounced than in any of the other heats. 


Table 7 
Charpy V Charpy Keyhole 
Heat 421 +88° } 51, 60 32, 34 
Heat 421 —10° F. 23, 24, 29 
Heat 421 —60° F. 21,22 
Heat 421 —65° F. 
Heat 421 —67° F 2,2 2,2 
Heat 621 +88° F. 122, 120 54, 56, 57 
Specimens from Heat 421 broken tensile 
specimen aged 8 hr. at 390° F., broken at 
88° F. 4,11 
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Conclusions 


Manganese steels containing over 0.14% carl 
over 1.1% manganese have a pronounced tend 
crack under normal welding conditions involvin: 
7/,in, thick or heavier. The hardness and ductility .; 4 
heat-affected zone in such steels are unsatisiocto, 
The L-Jominy test has not been found very usef\)| “y 
measure of weldability for these steels and docs yo) 
necessarily predict weld hardenability. Its failure 
so, however, does not invalidate the general theo, ; 
hardenability as applied to welding. Manganese 
most potent effect upon hardenability, and for the aj) 
weather welding of heavy plates it should be reduced we 
below 1.0%. Lower weld hardenability can be obtained 
without undue sacrifice in tensile properties through th 


substitution for part of the manganese by silicon and 
probably nickel and copper, and an addition of titaniyy 
or vanadium. When a searching examination of th, 
heat-affected zone is made with a Knoop indenter, jt {: 
possible to establish a fundamental relationship betwee: 
maximum hardness and the ductility of this zone. [; 
is believed that 300 Knoop should be the maximu 
most structural welding. 


Fig. 19—Photomicrograph at 500 x Showing Widmanstatter 
Structure Beneath 45,000 Joules per Inch Bead at 88° F. Plate 
Temperature on Heat 421 
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Nick-Bend Test 


for Weldability 


By Clarence E. Jackson and George G. Luther’ 


ROADLY speaking a test for weldability consists 

of subjecting the material to the temperature 

cycle involved in welding and then evaluating 
the ductility of the resulting structures. The thermal 
ele may be obtained by an actual welding operation, 
either as an actual weld or as a bead weld, or the effect 
i welding temperatures may be simulated by subjecting 
test pieces to special heat-treatment routines. 

While the ductility may be evaluated by means of the 
tensile test or some type of bend test, other and less 
(irect methods are frequently employed. A hardness 
survey may be made of the heat-affected zone of the 
weld with the assumption that there is a correlation of 
hardness and ductility. A microscopic examination 
may be made of structures resulting from welding with 
the suggestion that ductility can be predicted from a 
carelul evaluation of these structures. The tensile 
properties and limits for the chemical composition of the 
steel to be welded are frequently used as indices of 
weldability chiefly because of the dependence of duc- 
tility upon these factors. The thermal conditions at 
the rates of cooling in the welding heat-treatment cycle 
together with the accepted views of structural and 
metallurgical changes have been used to predict the 
resulting ductility. Considerable attention has been 
given to the possibility of applying hardenability data, 
isothermal transformation data (S-curves) and con- 
tinuous cooling transformation studies in an evalua-. 
tion of the ductility of structures resulting from the 
heat treatment of the steel by the welding thermal cycle. 

Although all investigators generally agree that weld- 
ibility is determined by the ductility in the heat-af- 
lected zone, there has been little agreement as to the 
exact technique which should be used for measuring 


* To be presented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, 
hio, Oct. 16 to 19, 1944 
This paper represents only the personal opinions of the authors and in no 
ay reflects the official attitude of the U. S. Navy. Published by permission 
Navy Department 
Division of Physical Metallurgy, Naval Research Laboratory, Anacostia 
on, Washington, D.C 


ductility. Because of this fact, a brief review of the 
various direct and indirect methods for determining 
weldability will be useful for a better understanding ot 
the status of testing for weldability of steel. 

Maximum Ilardness.—Several investigators have ob 
tained considerable data from this simple test ‘ and 
it is almost universally used in conjunction with what 
ever other tests may be performed. In a consistent 
effort to improve the accuracy of the test, hardness 
measurements using the Vickers method with 10-kg. 
load have replaced, for the most part, those obtained 
with the Rockwell C scale. Within the past few years, 
the Knoop method of microhardness has found?*: * favor 
among some investigators for determining the maximum 
hardness in the heat-affected zone. The maximum 
hardness method is quite flexible as it is possible to vary 
welding techniques and thickness of material over a wide 
range, although its success will depend entirely upon 


Fig. 1 


Transverse Bead-Weld Test Specimens 
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Al 
Steel Thickness, In. Welding Technique Load, Degrees Max. Load, Lb. ure 
27 1/4 As-rolled plate— longitudinal 117 13,100 
Specimen 1|!/>» in. wide 119 13,500 
74 1/3 77 amp 22 v 6 in./min 78 12,500 
'/,-in. E 6010 electrode 72 12,100 
90 amp.—22 v.—6 in./min 77 12,900 
'/.-in. E 6010 electrode 82 13,100 
112 amp.—-21'/, v.— in. /min 13,000 ‘ 
s-in. E 6010 electrode 64 12,500 
13 As-rolled plate——longitudinal 99 9,150 
Specimen 1'/» in. wide 4 9,200 
13 90 amp.—-22!/» v.—6 in. /min 74 8,600 
»-in. E 6010 electrode 71 8,700 
315 ‘ 115 am.—22 v.—6 in. /min 67 9,150 
/so-in. E 6010 electrode 67 9,200 
313 4 133 amp.—-22!/. v.—-6 in. /min 68 9 600 
’/go-in. E 6010 electrode 68 9,450 
314 As-rolled plate—-longitudinal $3 15,700 
Specimen 1|'/, in. wide bated 15,000 is 
14 l 90 amp.—22!'/, v.—6 in./min 61 15,750 
in. E 6010 electrode 75 15,750 1s 
14 l 115 amp.—22'/, v.—-6 in. /min 74 15,900 lt 
,»o-in. E 6010 electrode 74 15,900 17 
314 l 133 amp.—22!/. v.—-6 in. /min 74 15,400 162 
in. E 6010 electrode 74 15,900 if 


the indirect relationship of maximum hardness and 
ductility. 

1-Bend Test.—The well-known Navy T-bend test 
for determining weldability has been described by EI- 
linger, Bissell and Williams.‘ Specimens for this test 
are prepared from '/4-, '/2- or */,-in. plates. T-bend 
specimens are cut from a welded assembly; each speci- 
men is a T-strip measuring 1'/, in. in width taken per- 
pendicular to the fillets of the T-section. A special jig 
is used for bending the specimens. The angle to which 
the base of the T is bent at maximum load is significant 
and is recorded together with data as to the load and 
type of fracture at failure. The T-bend test is a direct 
test which summarizes the quality of the steel as well as 
its weldability. 

Slow-Bend ( V-Notched).—-Considerable data have been 
presented by the Naval Research Laboratory using this 
test.2»°»® All of the published data, however, have 
referred to tests on '/»-in. plate. Single-bead welds are 
deposited transverse to the direction of rolling on plates 
6x 7x in. Strips in. wide are cut transverse 
to the direction of the bead weld. Only sufficient metal 
is removed from the top surface to eliminate irregulari- 
ties. Material is then removed from the lower surface 
to obtain a specimen 1.5 in. wide by 0.375 in. thick with 
the top and bottom surfaces finished by grinding. The 
specimens are etched in a 5°, nital solution and the V- 
notch is located so that the apex of the notch is machined 
tangent to the fusion line. The specimen is bent to 
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Table 1—Transverse Bead-Bend Results (See Table 2 for Chemical Composition) 


Angle at Max. 


failure in a qualification test jig and the angle at max; 
mum load for each specimen is recorded. For com 
parison an identical specimen from the unaffected plat 
material is also made. The large amount of careiul 
machining required has been a legitimate objection | 
this test for any investigation other than a researc! 
program. 

End-Quench Hardenability Test (Jominy).—\t ha: 
been suggested by Kinsel’ that each combination 
welding conditions corresponds to a position on the en 
quench hardenability bar. A very comprehensive 1: 
vestigation following this line of reasoning has been pri 
sented by Doan, Stout and Frye.* Standard end-que 
hardenability test specimens, are heated to 2100" I 
produce an enlarged austenitic grain size similar to that 
in the heat-affected zone of a bead weld. The bars ar 
quenched in the standard manner and the hardness 
measured along the bar using the Vickers hardness 
method. 

Slow-Bend (U-Notch) Continuous Cool.—In order t 
use the end-quench hardenability test to measure Uk 
weldability of a steel, further information regarding thi 
relation of hardness and ductility is required. A num 
ber of flat specimens (1 x 0.25 x 6 in.) are cooled at 
various rates from 2100° F. by water and oil quenching 
air and furnace cooling, and occasionally by other 
methods. These specimens are notched after heat treat 
ment and the ductility measured by a slow-bend test 
The angle at maximum load is measured and the hard 


Fig. 2-Bead-Weld Nick-Bend Specimen 
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( each specimen is determined. From these data a 
lationship between hardness and ductility for a steel | 


is determined and the ductility corresponding to the | ww | 
maximum hardness of a weld may be predicted. For | 
homogeneous material the test can be roughly correlated 
with direct bend tests such as the T-bend and V-notched " 
sjow-bend specimens. 


Standard Qualification Tests and Workability Tests. 
in a full evaluation of any weldability test such as de 
sribed above, a correlation with practical welded fabrica 
tion will be necessary. In the development of high- 
tensile low-alloy steels other expedients such as the 


relationship of tensile strength to chemical composition’ x \4 
have also been found useful. ; men 

\Veld Cracking Tests number of tests which meas 
ure the cracking tendency of a steel or weld joint have Le of e 


been proposed by American as well as by British in 

vestigators. The chief cause of cracks in the heat- 

affected zone is the hardening of the base metal ac- 

companied by a loss in ductility; increased cooling rate, 

increased restraint, and hydrogen seem to be con- also been found important. Undoubtedly the direct 

tributing factors. The tendency for cracking is gener application of the principles of metallurgical behavior 

ally reduced by preheating and a high rate of heat input. which apply to ordinary heat-treatment practices will 

A number of tests have been suggested; of these a macro- not be possible with the higher temperature and shorter 
intervals of time which accompany the welding cycle 

In a survey of the various methods of measuring the 

4 ductility of the heat-affected zone, no direct method was 

SPATE TuHiceness found which was applicable to the study of steel in all 

thicknesses. Almost all of the test work has been on 

plate of less than | in. thickness, whereas, difficulties 

in welding, in general, are less for the lighter weight ma- 

terial. Many attempts have been made’: '': '* to study 

the ductility in the heat-affected zone by preparing a 

specimen with a longitudinal bead weld on the tension 

surface of the bend specimen. This type of specimen 

has not proved to be sufficiently critical for use with low 


Fig. 4—-Testing Jig (Schematic) 


alloy steels and has been found applicable mainly to 
J medium-alloy and aircraft steels. It was suggested to 
iam the authors that the use of a transverse bead weld might 
SPECIMEN restrict deformation sufficiently in bending the specimen 
; a? wane ame that failure would result at the toe of the weld. With 
eS ll +1 = SPECIMEN this in mind, specimens (Fig. |) were prepared for steels 
1/5, 3/4 and 1 in. in thickness. The results of the bend 
re | 
2 —_ tests are shown in Table 1. In all cases the bending 
ess pr WIDE SAW-CUT OR 3/32" MILLED NOTCH was not restricted sufficiently by the toe of the weld to 
a a make it possible to measure the effect of changes in 
see" welding technique on the ductility in the heat-affected 
r 3/64" BELOW SURFACE OF PLATE zone. Asa result of these tests it appeared that the use 
lt 
. até moll of some type of notch would be necessary in order to re- 
L JPLATE THICKNESS strict the deformation to a limited area in the heat 
m | 
t affected zone. 
Ss Fig. 3—Preparation of Nick-Bend Bead-Weld Specimen Bead-Weld Nick-Bend Tests.—Basically the bead 
g 
ut or microscopic examination of bead-weld cross sections, T | ~ | 
st . ( | | 
or of the restrained fillet of the Reeve’s type,'’ or some stee. *si4 
He form of restrained joint have been found satisfactory | | as ROLLED 
by various investigators. Although considerable in- 
formation is available it is still not possible to make a Fr 
clear-cut analysis of the exact relationship of all causes $ | 
ol cracking. : 10.000} J 
Miscellaneous.—In an analysis of the effects of weld- of 
ing on a steel a number of factors have been discussed r rage 
irom time to time. No simple relationship has been e 
found between the hardenability of a steel as calculated 
from chemical composition or as measured by the end- 7 
. 
quench hardenability test, and the hardness attained | | 
in the heat-affected zone. A number of investigators 
h: ve te 1 t tl t: of th iti 1 lit 25 50 75 100 125 
ave pointed out the importance « critical cooling 
rate of a steel; those steels with a low critical cooling 
rate usually require special precautions in welding. The Fig. 5—Stress-Strain Diagrams for Results on Steel No. 314 
effect of cooling rate on transformation temperature has Shown in Table 3 
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Steel = Mn Si P 

274 0.18 1.02 0.27 0.019 
312 0.19 1.48 0.25 0.035 
313 0.16 1.0] 0.21 0.023 
314 0.18 1.10 0.16 0.018 
333 0.18 1.09 0.16 0.017 


10 O18 


26 0.40 0.005 0.022 
344 0.22 1.52 0.23 0.025 
367 0.16 1.16 0.26 0.019 


O16 


l 020 

392 0.14 1.10 0.25 0.025 
303 0.16 1.25 0.21 0.015 
394 0.16 L.o 0.23 0.0380 
5 l 23 031 


O18 
010 
024 


003 0 


Angle at Max 
Load, Degrees 


Steel No. 314 
Plate 77 


No complete failure 


Bead-Weld 
A-—2 days after weld- 


26 (Sharp failure) 


ing 25 (Sharp failure 
175—26—6* 
B—2 days after weld- 13 (Sharp failure 


ing 


1S (Sharp failure) 
175—26—12* 


* Amperes—volts—travel inches per minute 


Angle at 


Maximum 
Thickness, Welding * Load, 
In. Technique Degrees 
Plate 68 
175—26—4 62 
175—26—6 62 
175—26—8 58 
175—26—10 13 
Plate 65 
175—26—4 37 
175—26—6 45 
175—26—8 32 


175—26—4 34 
175—26-—-6 29 
175—26—8 26 
175—26— 10 99 


L'/, Plate 75 
175-426—4 18 
175—26—6 18 
175—-26—8 21 
175—26-—-10 19 
1! Plate 65 
175—26—4 12 
175—26—6 24 
175—26—8 9 
175—26—10 13 


* Amperes—volts—travel inches per minute. 
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70 (No complete failure) 


S 
0.034 0. 
0.020 0 
0.030 0 
0.020 0 
0.022 0 


024 0 
0.026 0 
0.085 0 
0.027 0 


027 0 


020 0 
0.019 0 
0.024 0 
0.025 0 


O25 


0.053 0 
024 0 


Table 3—Data Sheet of Nick-Bend Test 


Maximum 
Load, Lb. 
15,400 
15,400 


10,700 
11,900 


Table 4—Nick-Bend Test Results (Normalized) Steel No. 423 


Maximum 
Load, Lb. 
3,850 
1,175 
4,600 
4,300 
3,800 


9,500 
9,750 
10,100 
9,360 
9 000 


18,600 
18,600 
17,200 
16,600 
15,500 
15,000 


22,150 
28,750 
22,200 
23,600 
26,000 


30,400 
44,200 
35,000 
28,400 
30,900 


025 Q. 


Table 2—Chemical Composition in Per Cent of Steels Used in This Investigation 


Ni 

16 
13 
21 
1] 


12 


12 0.04 0.018 ().22 0.000 ™ 
10 0.01 0.04 0.19 % 
13 0.15 0.05 0.14 0.012 — 0.024 

O8 0.05 0.02 0.19 0.090 ) 
147 0.05 0.04 0.94 1 


O68 
26 
13 
03 
03 


10 0.19 0.005 0.01 0.030 9 
10 0.05 0.02 0.15 
185 0.17 0.017 0.25 0.080 0.005 
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Cr 


Mo Cu V Ti 
0.24 0.08 
0.05 0.03 0.19 0.003 <0.010 
0.06 0.03 0.20 0.075 <0.010 1 
0.038 0.02 0.23 0.0038 <0.010 
0.04 0.025 0.22 


0.04 0.0388 0.15 <0.010 <0.010 
0.08 0.025 0.20 <0.010 <0.010 r 
0.12 0.10 0.13 0.002 0.005 
0.20 0.005 0.04 0.025 0.026 
0.20 0.005 0.038 0.035 129 


weld nick-bend test is an outgrowth of the V-notel 
slow-bend test. The slow-bend specimen has _ bee 
modified so that a minimum of preparation is requir 
and so that the full thickness of the plate is tested. 
test specimen consists of a notched flat bar (Fig. 2) with 
the notch (prepared by a hack saw) so located that 

restricts the deformation to the mid-portion of the spec: 
men when tested as a static bend. The notch stops 
short of the heat-affected zone in order that initial ci 
formation will occur in the weld metal and failur 

caused by rupture of the low ductility metal in the heat 
affected zone. The angle at maximum load is used as 
index of the behavior of the material. The results 
the bead-weld specimens are compared with identi 
specimens prepared from the plate material. 


Fig.6—Plate Nick-Bend Specimens 
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Fig. 7—-Bead-Weld Nick-Bend Specimen 


Procedure for Nick-Bend Test for Weldability 


The nick-bend test is designed to measure the effect 5 ss ; 
of a welding technique upon the ductility of the heat- s | 1 
afiected zone of a steel. The following procedure is 3 Pe 
outlined for thicknesses of '/2 to 1'/9 in.: | 
A. Preparation of the Specimen Assembly i 2 
a) Dimensions.—The specimen assembly for the att 
nick-bend test shall conform to the dimensions given in | 
b) Condition of Specimen Assembly.—The plates to | 
be welded shall be in the as-rolled condition. Mill scale —T 
or any foreign surface material shall be removed by shot — : 
or sand blasting or by effective wire brushing before ; 
(c) Temperature of Assembly Prior to Welding.—The ; 
plates shall be at room temperature (70° + 5° F.) when —— 
the welding 1 started. (Note 6.) - Fig. 8-—Nick-Bend Test Results for Steel No. 367, 175 Amp. 
d) Welding Procedure.—lf possible, the welds shall 26 V., 6 In. per Minute, */\«-In. E 6010 Electrode 


be mechanically deposited withf ull automatic control; 
however, manual welding is permissible if no mechanical 
facilities are available. The electrode shall be per- 
cilities are available. The electrode | hall be per or 6 in. of bead shall be deposited with 9'/, in. of 
pendicular to the work which shall be in a horizontal % ‘ a 48 
eas a tri 1 The bead shall electrode for manual welding 

sition to insure an even string bead. e bead sh: @ re 
Electrode classification E 6010 A.W.S. and A.S.T.M. 
be deposited using welding conditions as follows: 


6 in. per minute travel for machine welding (Note ¢), 


Spec. 
175 amp. Navy Spec. Class 1, Grade | 
26 v.—-reversed polarity Mild Steel—Heavy Coated—-*, is in. diameter 


Table 5—Effect of Temperature of Storage on Nick-Bend Results 


Temp. 85° C. (185° F.) Temp. 100° C. (212° F remp. 200° C. (392° } 
Storage Angle at Angle at Angle at 
Time, Max. Load, Max. Load, Max. Load, Max. Load, Max. Load, Max. Load 
Steel Days Degrees Lb. Degrees Lb Degrees Lb 


15,700 


314 1 11 14,200 
9 


58 15,200 


14,700 

15,400 

367 44 19,100 
3 45 18,700 

6 49 19,000 

14 57 19,900 


2 16,600 
16,800 


13,800 


2 ; 60 14,400 
3 65 14,000 
60 14,600 


14,300 
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(Steel No. 395) 
Double Bead 


Single Bead 


(a) One pair of specimens prepared from a weldment 
shall be tested at room temperature. The interval of 


Table 6—Effect of Double Bead-Weld on Nick-Bend Ductility 


Table 7—Effect of 25-20 Cr-Ni Electrode on N 
Ductility (Steel No. 395) 


Typical data for this test are shown in Fig. 5 and 1 


3 and 4. Typical specimens after test are show 


Figs. 6 and 7. 


a 
35 Z 


MAXIMUM (LOAD —DEGREES 


2 25 

a O - 314 
xX — 333 


4 5 


TIME AFTER WELDING—DAYS 


Fig. 9—-Typical Nick-Bend Bead-Weld Results Showing Room Temperature Relaxation 


10 20 40 80 PLATE 


ick- Bend 


Angle at Angle At 
lorage Angle at Angle at Storage Time, Max. Load, Max. Load r) 
rime, Max. Load, Max Max. Load, Max. Days Desree Pf 
ay egrees Lb a 
Days Degrees Load, Lb Degrees Load, Lb 17 
‘ 7,000 
2] 14,250 296 15,100 
19 0) 26 4,7 50 2 58 17,400 
z 16,200 16,000 58 17.300 - 
35 16,500 32 15,900 17 
16,950 38 16,700 io 3 
10 = 46 17,4 175 amp., 26 v., 6in./min., diam., 25-20 Cr-Nj ele: 
16,800 
175 amp., 26 v.,6in./min. E 6010—*/j¢-in. diam. electrode. 3 
time between welding and testing shall be two 
(Note d.) The specimen shall be bent with the notch ; 
A second plate shall be welded using 12 in. per minute tension in a */y-1n. T-bend jig (span 9 in.). A plung 
travel or 6 in. of bead shall be deposited with 4°/s in. of with a l-in. radius nose shall be used for bending (Fig 
electrode. 1). The specimen shall be placed on the female mem 
ber of the jig and so aligned that the center of the not: 
B. Preparation of Specimens is in a straight line with the center of the plunger. 1) 
(a) Two bend specimens shall be removed from each Plunger shall be secured to the crosshead of a bendin; 
weldment as shown in Fig. 3 by sawing or milling, using ™achine. The load is applied through the parts of th 
suitable coolant. A saw-cut or milled notch shall be J'g by the machine which may be a vertical screw 
located along the center line of the weld bead transverse hydraulic type with a beam, dial or other suitable m« 
to the length of the specimen and entirely in the weld lor indicating and/or recording the loading character Fic 
nugget to a depth of */s in. below the original surface  15U¢s. lhe downward feed of the plunger shall b« 
of the plate (Fig. 3). A power hack saw with a saw tinued until the angle of bending is 120° or until t) 
blade having a kerf of '/,p in. (0.72 in. thickness of blade) SPe¢!men 1s carrying no appreciable load. E 
or a milling cutter */ in. wide may be used. 
(6). At least two unwelded plate specimens having : (¢ 
the same dimensions as the weld specimen and having a (a) The maximum load and the angle of bend trea 
notch of the same depth and width shall be prepared for maximum load shall be recorded. If a stress-strai dest 
comparison. corder is available, a record of the loading behavior (| 
indicated by a stress-strain diagram shall be ma per: 
C. Testing of Bend Specimens : > 
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Fig. 10—Effect of Depth of Notch */,-In. in Width and Tested desired. A refrigerated cabinet, a liquid medium or 


10 Days After Welding. (175—-26—6. */x In. E 6010) an oven are suggested for preparing subnormal and 
elevated temperature test plates. 
E. Notes (c) For further information, additional speeds of 


(a) Plates may be normalized or given other heat travel of 4, 8 and 10 in. per minute have also been used. 
treatments if information for these plate conditions is Other types of electrodes may also be used. 
desired. (d) Additional information may be obtained using 


(b) Plates may be at elevated or subnormal tem- other testing temperatures and other intervals between 
peratures when welding is started if such information is welding and testing. 
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Fig. 12—Relation of Energy to Angle at Maximum Load for Nick-Bend Tests 
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Discussion of Variables Affecting the Bead-Weld 
Nick-Bend Test 


In the early testing using the bead-weld nick-bend 


test consistent performance could not be obtained al- 
though the agreement of duplicate specimens welded at 
the same time and tested consecutively was excellent. 
Upon further study, it was noted, that there was a grad- 
ual increase in ductility of the bead-weld nick-bend 
specimen as the time interval between welding and 
testing became greater. For example (Fig. 8) the bend 
ductility of Steel No. 367 increased from 13'/.° one day 
after welding to 45° at 34 days after welding. This 
phenomenon was noted for all steels tested (Fig. 9). 
No entirely satisfactory explanation has been forth- 
coming, although it is felt that the increase in ductility 
may be caused by a relaxation or redistribution of the 
welding stresses in the weld metal and heat-affected zone. 

It is important to remember that ductility is affected 
by the time interval between welding and testing in order 


Table 8—Effect of Diameter of Plunger of Testing dig 


Diameter Angle at 
of Plunger, Max. Load, Max. Load, 
Steel In Degrees Lb 

367 l 38 18,500 
29 17,500 

2 days after welding 1'/2 34 18,100 
34 17,900 

2 35 17,800 

33 17,900 

3 39 18,300 

19 19,300 

420) 1 59 14,000 
51 14,100 

2 days after welding 1! 52 14,150 
54 14,500 

2 58 13,200 

13,400 

3 52 14,250 

53 14,500 

l 57 14,000 

51 13,900 

5 days after welding 1!/, 53 13,400 
58 14,000 

2 54 14,000 

54 14,000 

3 49 14,200 

13,350 


175 amp., 26 v.,6in./min. E 6010—*/,.-in. diam. electrode 


to be able to determine the effect of other variables in 
this and other tests of welded joints. Practically, it is 
fortunate that the change in ductility is toward the im- 
provement of the weldment. This gives further evi- 
dence to support the staterhent often made that if a weld- 
ment is sound when fabrication is complete, the chances 
for continued satisfactory performance are good. 

The weld ductility appears to be sensitive to the tem- 
perature at which the specimen is maintained between 
welding and testing. To determine the effect of tem- 
perature a number of specimens were stored in an oven 
between welding and testing. A decided increase in 
ductility (Table 5) was noted for specimens maintained 
at 85° C. (185° F.), 100° C. (212° F.) and 200° C. 
(392° F.). If the increase in ductility is a phenomenon 
of relief of stresses such an increase in ductility is to be 
expected. It is interesting to note that the deposition 
of a second bead upon the first bead resulted in little or 
no change in the time-ductility relation observed for 
single bead-weld tests (Table 6). 

To study the effect of the type of electrode used for 
the nick-bend test, specimens were prepared using 25—20 


530-s 


LOAD — DEGREES 


ANGLE AT MAXIMUM 


Cr-Ni austenitic electrodes. 
in the ductility (Table 7) as the angle at maximum lo 
had reached a constant value for the tests performed 
It is expected that other types 
of electrodes, different from the A.W.S. E 6010 used for 
most of the present tests, will affect the time-ductility 
It is also expected that the tendency to 
ward cracking under restraint for a particular steel and 
electrode will be greater for those combinations which 
show low nick-bend ductility shortly after welding. 

In order to determine-the care which must be taken 11 
preparing the nick-bend specimen with a hack say 
several modifications of the notch were made. Speci 
mens were welded from a number of steels and notches 
e milled so as to determine the effect of depth and 
th of the nick on the ductility of the specimen A 


at the end of one day. 


relationship. 


a slight effect (Fig. 10). 


26 v., 6 in. /min. 
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2 OAYS AFTER WELDING: 


S DAYS AFTER WELDING 


SPEED OF TRAVEL — INCHES PER MINUTE 


Fig. 13—Effect of Speed of Travel on Nick-Bend Test Results 
3/1» In. E 6010) 


No change was observed 


change in the depth of the notch from '/3 to '/j5 in. shows 
A change in the width of the 
‘, in. slowly increases the angle ob 


Table 9—Reproducibility of Nick-Bend Test for Steel No. 314 


Angle at Max. 
Load, Degrees 


Max. Load, Lb 
14,700 
14,500 
14,600 
14,600 
14,600 
14,700 
14,900 
14,700 
14,600 
15,100 


14,500 
15,100 


14,700 


E 6010—*/j.-in. diam. electrod 
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Fig. 14—Effect of Thickness and Speed of Travel on Nick-Bend 
Results 


tained for the steels tested (Fig. 11). It is felt that the 
accuracy sufficient for the nick-bend test is obtained 
using a hack saw for preparation of the notch. 

The question has often been raised regarding the 
validity of using the angle of bend at maximum load for 
evaluating the energy absorption of a bend specimen. 
An evaluation of the energy absorbed by a test specimen, 
in the bend test, may be obtained from the stress-strain 
record. The area under the stress-strain diagram may 
be expressed in inch-pounds and compared with the 
angle at maximum load. Such a comparison using 51 
specimens is presented in Fig. 12. The angle at maxi- 
mum load is found to be related within the accuracy 
required to the energy absorbed except for angles over 
approximately 55°. As few of the weld specimens were 
sufficiently ductile to give angles in excess of 50°, it is 
felt that the angle at maximum load is indicative of the 
energy absorbed in the nick-bend test. 

A number of tests were preformed to determine the 
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Fig. 15-——Relation of Arc Power Input on Nick-Bend Results 


effect of the ratio of the diameter of the plunger used in 


the testing jig. Plungers of 1, 1'/2, 2 and 3 in. diameter 
were used in tests with two steels (Table 8). The di- 
ameters of the rollers were maintained at 3 in. with a 9-in. 
span between centers. Very little effect was detected, 
although, in one series of tests, the ductility is greatest 
with the 3-in diameter plunger. This does not follow in 
the second steel, as the ductility is lowest for the 4-1n. di- 
ameter plunger. It was decided to use the largest plunger 
which gave consistent results; thus, all other tests re 
ported here, are made with the 2-in. diameter plunger 
and the 3-in. diameter rollers with a span between centers 
of 9 in. 

The question of reproducibility must always be con- 
sidered in the development of any new test. In many 


of the tables that are presented in this paper, the results 
of duplicate test specimens have been reported in order 
to give evidence of the reproducibility of the test 
In general, the agreement is excellent 
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Fig. 16~-Relation of Effective Power Input on Nick-Bend Results 
for Steel No. 423 (Normalized) 


are some cases, however, in which the results of duplicate 
specimens are not in good agreement. An examination 
of these specimens often revealed causes such as unsound 
metal or improper notching. Specimens which are 
tested shortly after welding show a tendency for greater 
discrepancies than those held for greater lengths of time 
after welding. Satisfactory reproducibility is shown for 
the results of the five identical test plates reported in 
Table 9. 

An attempt was fnade to prepare specimens so that 
they could be tested less than 1 day after welding. 
Strips were cut 1'/» inches wide and four sections clamped 
together edgewise. Welding was then performed in 
accordance with standard procedure. As soon as welding 
was completed, the specimens were unclamped and 
broken apart, notched and then were ready for testing. 
The results of such a testing procedure in many cases 
compared favorably with those welded in the larger 
standard section. However, in general, the results were 
not as consistent and could not be relied upon to give as 
uniform results as those welded using the 6-in. wide 
plate. Further data will be required before definite 


conclusions can be drawn. 
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If a test is to be satisfactory, it is desirable that the 
ductility will be affected by changes in welding technique. 
The area of penetration may be maintained reasonably 
constant by using uniform current and arc length; a 
range in speed of travel from 4 to 12 in. per minute may 
be used to vary the power level of the welding technique. 
Such tests made on a number of steels (Fig. 13) showed 
a decrease in ductility as measured by the nick-bend 
test for an increase in speed of travel. In other words, 
ductility increases as the power input increases. 

The relation of thickness and power input, was de- 
termined on three steels of 2 and 2°/, in. thickness re- 
rolled to 1'/o, 1, 3/4 and '/s in. thicknesses. These steels 
were normalized and nick-bend specimens prepared. 
The results for one of these steels, No. 423, are shown in 
Fig. 14. For a given power input, ductility increases 
as the plate thickness decreases. A plot of the power 
input per unit thickness is presented in Fig. 15, for the 
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Fig. 17—Relation of Effective Power Input on Nick-Bend Results 
for Steel No. 312 (Normalized) 


nick-bend tests on Steel No. 423. The speed of travel 
in inches per minute is indicated for each of the points 
plotted. In general, the higher rates of travel show 
better ductility per unit power input than is obtained 
for the same power input with a slower rate of travel. 
This indicates that the speed of travel is effective not 
as the first power but rather as some fractional power. 
Considerable additional investigation will be required 
to establish exactly the fractional power that will best 
represent the heat transferred to the plate by the weld- 
ing arc. From the information that is now available 
the effective power input varies approximately as the 
*/19 power of the speed of travel expressed in seconds per 
lineal inch. Hence the scatter of the data in Fig. 15 will 
be reduced considerably if the following empirical equa- 
tion is used: 


EI(S)‘/* 
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Fig. 18—Relation of Effective Power Input on Nick-Bend Results 
for Steel No. 340 (Normalized) 
where 


H = effective power input 
E = arc length in volts 


I = arc current in amperes 
S = speed of travel in seconds per lineal inch 
TY = thickness in inches 


Using the above relation the data for Steel No. 423 
shown in Fig. 15 are again presented in Fig. 16. Further 
tests to establish the validity of the above relation are 
shown for Steels No. 312 and 340 in Figs. 17 and 1S. 

In order to avoid the variation in plate hardness which 
results from normalizing the steel in '/, to 11/9 in. thick 
ness, two of the steels which were fairly uniform in hard 
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Fig. 19—Relation of Effective Power Input on Nick-Bend Resu!ts 
for Steel No. 312 (As-Rolled) 
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fig. 20—Relation of Effective Power Input on Nick-Bend Results 
for Steel No. 340 (As-Rolled) 


Fness and macrostructure through the thickness were 
shaped to */4, 1, and inch thickness. These 
secimens were prepared from a 2-in. thick plate with 
nly a cleanup-cut being taken on the one surface and the 
cess metal removed from the other surface. In this 
iner it was possible to weld on the first surface and 
ence the bead weld was located at approximately the 
same level in the original plate for all thicknesses of 
ssecimens. Nick-bend specimens were prepared for all 
the shaped plates in accordance with the standard pro- 
edure. The relationship between the ductility of the 
welded specimens and the power input per inch of thick- 
ness (Figs. 19 and 20) was obtained from these results. 
he ductility observed in these tests on as-rolled material 
was somewhat lower than that for the same steels tested 
in the normalized condition (Figs. 17 and 18). 


Summary 


A test procedure has been proposed for measuring 
the effect of a welding technique upon the ductility of 
the heat-affected zone of a steel. The test procedure 
is reproducible and requires a test specimen which can 
be easily prepared using only a hack saw. Tests can 
be made under conditions closely simulating those en- 
countered in practice with regard to steel composition, 
thickness of plate, brand of electrode and welding tech- 
mques actually used. Results that are obtained have 
sufficient sensitivity to be a useful index. The effect of 
test variables has been studied and many variables such 
as the depth of notch and width of notch have shown 
satisfactory leeway for the usual shop practice. For all 
steels discussed in this report, it has been shown that one 
of the variables that must be controlled is the time be- 
tween welding and testing. It is fortunate, indeed, that 
the ductility of a welded specimen tends to improve as 
this gives a basis for further confidence in welded struc- 
tures, 

‘Several cases have been encountered in which the 
nck-bend specimens welded at one time and tested at 
increasing time intervals, have changed from a brittle 
to a ductile type of failure. Some evidence is given that 
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the relaxation or increase in ductility may be affected 
by such differences in temperatures as are encountered 
in summer and winter seasons. The effects of welding 
the nick-bend specimen at room or low temperatures 
and testing at low temperatures have not been investi- 
gated. 


Appendix I 


Application of Nick-Bend Test 


It has been suggested by Jennings’’ that the system 
reported by Doan, Stout and Frye* essentially evaluates 
the ductility of the heat-affected zone by matching the 
hardness of the ductility specimen and the maximum 
hardness found in the heat-affected zone. It was also 
suggested that a direct measurement of the ductility 
in the heat-affected zone would eliminate many of the 
variables encountered in the Lehigh system due es- 
pecially to the effect of grain size and inaccuracies of the 
hardness-ductility relation obtained from heat-treated 
specimens. With this in mind the following systen: is 
proposed for evaluating the effect of welding on the 
ductility of a steel. It is recognized that the system 
suggested here 1s basically a simplification of the Lehigh 
system. The steps in this proposal are: 


1. Determine the relationship of ductility and ef- 
fective welding power input by use of the nick- 
bend test. 

Determine from the relationship of step 1 the 
power requirement per inch of thickness for a 
ductility of 25° or other desired value. 

3. Determine from the configuration of the joint 

the equivalent thickness of the joint. 

4. Maintain the power level from step 2 for all weld- 

ing or adjust with preheat when power input per 
inch of thickness becomes low. 


bo 


The concept of equivalent thickness of a joint re- 
quires only a brief comment. If the metal in a joint 
were distributed uniformly in a plate, that plate would 
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Fig. 21—Typical Joints for Problems Suggested 
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SPEED OF TRAVEL— INCHES PER MINUTE 


have a certain thickness depending upon the configura- 
tion of the joint. In other words the last pass for a 
single-V groove weld between two l-in. plates would 
have an equivalent thickness of | in., while the first pass 
would have an equivalent thickness of slightly less than 
lin. In Fig. 21 (a), it can be readily seen that if the 
metal were rearranged to form a single plate, that it 
would have a thickness of 1'/,in. This concept is simple 
enough so that most joints may be evaluated and it is 
useful in analyzing the effective volume of metal con- 
tiguous to a weld. Usually the accuracy required does 
not necessitate a detailed measurement of the areas in 
the joint. The equation 7 = EI(S)*"/T may be used 
for calculating the relation of the various quantities” 
desired in any given problem. The use of a nomographic 
chart of the relation between effective powér input, weld- 
ing current, are length and speed of travel is, however, 
more convenient; such a chart is shown in Fig. 22. Any 
straight line across the scales will give the effective power 
input for a speed of travel of 6 in. per minute for the 
indicated are current and voltage. For example, with a 
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Fig. 22—Relation of Effective Power Input, Welding Current, Arc Length and Speed of Travel 


minimum power requirement of 16,250 units, 6 in. per 
minute travel and a 28-v. arc length the required weldin; 
current will be 230 amp. If the information ts desire¢ 
for other speeds of travel than 6 in. per minute th 
fective power input must be converted to the desire 
speed of travel. For example, an effective power input 
of 20,000 units at 6 in. per minute will be reduced t 
16,000 units by increasing the speed to 10 in. per minute 

A number of examples will aid in more clearly 1 
lustrating the method of attack proposed. 


Problem 1 


Let us assume that we are interested in welding « | 
joint with a fillet joining a '/>-in. plate to a plate | 1. 10 
thickness (Fig. 21 (a)), (Table 2), of normalized Stee! 
No. 312. It is desired to determine the minimum power 
level to insure 25° bend ductility. 

Step 1—The relationship of ductility and welding 
power input was determined by use o! ‘ht 
nick-bend test (Fig. 17) Steel No. 312. 
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A power level of 13,000 units per inch thick- 


« > re 
ness will be required (Fig. 17). 
Step The equivalent plate thickness is 1'/, in. 
Step —-The minimum power level will be x 


13,000 or 16,250 units. 


trom Fig. 22 at 6 in. per minute travel and a 28-v. are 
egoth, 230 amp. should be the minimum power level. 


T 


gusset to a 


From Fig. 


should be the minimum power level. 


I 


he use of a '/4-in. diameter electrode 1s indicated. 
Let us assume that it is desired to add a 1-in. thick 


late to the joint in Problem | opposite the ', »-in. plate 
aking a cruciform joint (Fig. 21 (b)). The require- 
nt of 25° ductility is to be met. 


Step Same as step 1, problem 1. 

Step 2—Same as step 2, problem 1. 

Step 3—The equivalent plate thickness has been in 
creased to 1°/, in. 

Step 4—The minimum power level will be 1°, x 


13,000 or 22,750 units. 
‘rom Fig. 22 at 6 in. per minute speed of travel and a 
(j-v. are length, 310 amp. should be the minimum power 
vel. The use of a '/,-in. diameter electrode is indicated. 
fa lower power level is desired the use of preheat will 
ye necessary. 


Dp 


1? 


Let us assume that we wish to weld a '/,-in. thick 
in. thick flange (Fig. 21 (c)), using nor 
nalized Steel No. 540, maintaining a ductility of 25°. 


Step |-—The relationship of ductility and welding 
power input was established by use of the 
nick-bend test (Fig. 18 for Steel No. 340). 

Step 2—A power input of 9000 units per equivalent 
inch in thickness will be required (Fig. 18). 

Step 3—The equivalent plate thickness is °/ in. ° 

Step 4—The minimum power level will be °/s x 9000 


or 5625 units. 

22, a power requirement of 5625 units at 10 
n. per minute speed of travel is equivalent to 7100 units 
it6 in. per minute. With a 28-vy. are length, 100 amp 
The use of a !/,-in. 
liameter electrode is indicated. 

’roblem 4 


Let us assume that we wish to weld a corner joint 


NICK-BEND TEST FOR WELDABILITY 


between a '/»-in. plate and a l-in. plate (Fig. 21 (d 
using normalized Steel No. 423 (Table 2). It is desired 
to establish a safe welding technique in order to main 
tain a ductility of 35°. 

Step 1-—-The relationship of ductility and welding 
power input was established by use of the 
nick-bend test (Fig. 16) for Steel No. 423. 

A power input of 13,000 units per inch thick 
ness will be required (Fig. 16). 

The equivalent plate thickness is */ 4 in. 

The minimum power level will be *,,; x 
13,000 or 9750 units. 


Step 2 


Step 3 
Step 4 


From Fig. 22 at a speed of travel of 6 in. per minute 
and 28-v. are length, 140 amp. will be required. The 


use Of a ®/9-in. diameter electrode is indicated. 
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HERE is little to be gained by the use of alloy 
steel in welded structures if the ductility of the 
weld joint is so low that full use cannot be made 
of the physical properties of the alloy steel. In order to 
produce weld joints in S.A.E. X-4130 and other medium- 
alloy steels with sufficient ductility to warrant the use 
of these steels without subsequent heat treatment it has 
been found necessary to use local preheat and postheat 
treatments. 

In the assembly of certain aircraft parts such as 
engine mounts, fuselage framework and other units 
specified to be in the normalized condition, a number of 
fabricators have used a so-called “‘soft’’ hydrogen flame 
to provide the local preheat and postheat treatments 
where normalizing the entire assembly is not possible. 
This technique, developed by trial and error, has not 


* To be presented at the Twenty-Fifth Annual Meeting, A.W.S., Cleveland, 
Ohio, Oct. 16 to 19, 1944. 
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The Effect of Postheat in Welding 
Medium-Alloy Steels 


By Myron A. Pugacz, Geoffrey J. Siegel and Jay O. Mack+ 


proved entirely satisfactory due to the lack of a 
control. 


form it to austenite. 
aircraft steels is allowed to cool normally the austenit 
will decompose more or less completely to martensit 
However, if the cooling in the heat-affected zone 


delayed with a postheat treatment, the austenite will 
decompose to intermediate structures depending on the 
temperatures to which the metal is cooled after welding 


the time it remains at this temperature and the 
of cooling to that temperature. To 
ductility in the metal adjacent to the weld it is imp 


tant to consider its metallurgical behavior as it cools after 


welding. 


Although S-curves do show the time necessary for 


complete transformation at a given temperature, 
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Fig. 1—-Isothermal Transformation Diagram for S.A.E. 4130 


TEMPERATURE 


equate 
This investigation was made to obtain 4 “on 
factory test for determining the effect of local prehea 
and postheat, and to establish a technique suitable j ; 
use in the welding of medium-alloy steels. 

In welding, the base metal adjacent to the weld de 
posit is heated to a temperature high enough to trans 


If the heat-affected zone in alloy 
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Fig. 2—Isothermal Transformation Diagram for S.A.E. X-4130 
(U. 8. Steel) C 0.33, Mn 0.53, Cr 0.90, Mo 0.18; Austenitized 
at i550° F., Grain Size, 9-10 
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data are available for determining the ductility of the 
structures obtained when a steel transforms isother- 
mally. The tremendous difference in the time of trans- 
formation as it depends upon the reaction temperature 
may be seen by examining the isothermal transforma- 
tion curves of such materials as $.A.E. 4130 and 5.A.E. 
X-4130 (Figs. 1 and 2). Although improved ductility 
is to be expected only when the transformation of aus- 
tenite is completed at some elevated temperature, no 
test methods or data are available for comparing the 
time of postheat or austempering with the resulting 
ductility. 

In order to provide a method suitable for investigating 
the effect of time and temperature of postheating on 
ductility, a study of a number of types of test specimens 
and procedures was carried out at the Naval Research 
Laboratory using 5.A.E. X-4130, NE 9430 and NE 8630 
steels. An attempt was made to improve ductility in the 
heat-affected zone by the use of a postheat cycle of a 
sufficient length to permit complete transformation of the 
austenite formed by the welding cycle. 


Fig. 3—Bead Weld Bend Specimen for Quarter-Inch Thick 
Material 


1944 


WELDING MEDIUM-ALLOY STEELS 


Fig. 4—Test Jig for Quarter-Inch Thick Material 


Steel plate material '/, in. thick of S.A.E. X-4130, NE 
8630 and NE 9430 compositions, 0.063-, 0.083- and 0.095- 
in. thick strips of S.A.E. X-4130 were available. The 
chemical composition of the '/,-in. materials is given in 
Table 1. The compositions of the other thicknesses 
were within specification limits. These materials were 
cut to 3 X 6 in., normalized from 1650° F. and sand 
blasted before welding. 

A longitudinal weld bead was deposited along the 
middle of these specimens as shown in Fig. 3. All elec- 
trodes used in these tests were supplied by one manu- 


Table 1—Chemical Composition of Steels Used in This 
Study 
S.A.E. X-4130 NE 8630 NE 9430 

2 6.29 0.30 0.31 

Mn 0.58 0.91.4 1.07 

Si 0.29 0.32 0.11 

P 0.017 0.017 0.013 

S 0.018 0.016 0.018 

Mo 0.18 0.17 0.12 

Cr 0.85 0.52 0.26 
0.32 


Ni 0.31 0.61 
a 0.06 0.07 


Table 2—The Increase of Ductility with Time of Aging of 
Ductility Bend Specimens 


S.A.E. X-4130, 1/4 In. Thickness 


Ductility Angle, Degrees 
300° F. Preheat; 
600° F. Postheat, 


Days After No Preheat, 


Welding No Postheat 5 Min. 
Same day 26 47 
l 37 18 
2 31 61 
4 45 69 
7 54 159 
14 56 75 


NE 8630, '/, In. Thickness 


Same day 
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Fig. 5-Typical Bend Specimens, Quarter-Inch S.A.E. X-4130 


Table_3—Effect of Postheating on Aging of Ductility Bend Table 4—Effect of Previous Heat Treatment on Aging of 


Specimens Ductility Bend Specimens 
S.A.E. X-4130, 0.095 In. Thickness, No Preheat, No Post! 
S.A.E. X-4130, 0.085 In. Thickness, No Preheat im 
Ductility Angle, Degree 
Ductility Angle, Degrees Heat Treatment Before Welding Same Day Two Day 
Postheat Same Day Three Days As-Welded After Welding 
Temp.,° F., Time, Min. As-Welded After Welding Normalized 57 75 
None 56 80 Quenched and tempered to 123,- 
600 1'/, 98 122 000 psi. TS. 63 13 
600 3 135 137 Quenched and tempered to 144,- 
600 51/, 104 111 000 psi. T.S 66 
° 


facturer and were of mild steel, heavy 
coated, straight polarity (A.W.S. 
Class E 6013). All welds were made 
with a full automatic welding tech- 
nique. Preheat was maintained by 
burning hydrogen in a ribbon burner. 
Temperatures were observed using a 
contact pyrometer (Illinois Testing 
Laboratory ‘“‘Alnor’’ type 4200 with 
style No. 4040 pickup) and pyro- 
metric crayons (Tempilstik). After 
the bead was deposited the postheat 
temperature was maintained with the 
hydrogen flame for a specified time 
interval. The specimens were then 
permitted to cool in air. 

The '/4-in. specimens were bent 
to failure or to the capacity of the 
test jig by means of a hydraulic test- 
ing machine with the bead weld in 
tension. A plunger with a radius of 
‘fe in. was used in place of the 
standard plunger (Fig.4). The thin- 
ner specimens were bent to failure in 
a bench-type bending jig (Fig. 17). 
The test specimen was considered to 
fail when a crack was observed in 
the base metal and the angle at failure 
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ig. 6—Effect of Postheat Time Temperature on the Weld Bend Ductility of Quarter- 
Inch S.A.E. X-4130 Steel (Numbers on Specimens Indicate Time and Temperature o! 
Postheat) 
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Fig. 7—Effect of Postheat Time Temperature on the Weld Bend Ductility of Quarter-Inch NE 9430 Steel 
(Numbers on Specimens Indicate Time and Temperature of Postheat) 


was used as the index of ductility of the specimen. For the correct postheat temperatures. This discrepancy 
those '/4-in. specimens in which the ductility permitted can be eliminated to a large extent by careful technique. 
bending beyond the limit of the jig, testing was continued However, the second reason is that a certain time elapses 
isa free bend to 180° or failure. Photographs of typical before the metal adjacent to the weld is cooled to the 
test specimens are shown in Figs. 5,6 and 7. The test postheat temperature and the isothermal transformation 
results for the longitudinal bead weld bend specimens curve shown presupposes that the metal is cooled almost 
we presented graphically in Figs. 8, 9 and 10. From _ instantaneously to the isothermal transformation tem 
these curves, the time-temperature relationship for perature. The time elapsed in cooling from the welding 
satisfactory ductility may be determined. temperature to the postheat temperature is almost en- 

By comparing the time-temperature relationship for tirely the result of the welding technique used, which 
improvement in ductility shown on Fig. 8 with the iso- in turn is usually determined by the nature of the struc 
thermal transformation curve shown on Fig. 2 for this ture being welded and thus is generally beyond the con 
steel, it 1s seen that the two curves for completion of trol of the welding operator. It is to be expected, there 
transformation are approximately the same. This fact fore, that minor changes in the curves produced by this 
justifies the assumption that improved ductility is ob- test will be caused by changes in the welding process 
tained when the steel is allowed to transform completely (preheat temperature or welding current) and the physi 
it the postheat temperature. That the two curves are cal size of the test specimen. However, these minor 
not identical may be due to several causes. The first changes should in no way impair the value of this test. 
is the experimental difficulty involved in measuring A third factor is that the austenite in the heat-affected 
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Fig. 8—Postheat Time-Temperature-Ductility Relationships for Fig. 9—-Postheat Time-Temperature-Ductility Relationships for 
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Fig. 10—-Postheat Time-Temperature-Ductility Relationship for 
Quarter-Inch NE 9430 Steel 


Electrode: A.W.S. Class 6013, °/s: in. diam. Technique: 
Straight polarity d.-c., 120 amp., 23 v., 6in./min. travel. (Numbers 
on graph indicate bend angles for failure.) 


zone is formed at a much higher temperature and in a 
much shorter time interval than with the austenitizing 
treatment used in establishing isothermal transforma- 
tion curves. 

Another phenomenon which must be kept in mind in 
order to obtain results which are consistent is the im- 
provement of ductility accompanying the storage of the 
specimens at room temperature. The importance of 
this factor can be seen from the results shown in Tables 
2 through 4 and Figs. 11 and 12. The improvement in 
ductility in all cases was much more rapid for the speci- 
mens which were prepared using the postheat treatment. 
This again demonstrates the advantage of using a post- 


heat in the welding of medium-alloy steels. The relaxa- 
AS WELDED 
PREHEAT - NO POSTHEAT 
SPECIMEN ANGLE OF 
NUMBER BEND 
TESTED: A-| 24° 
| DAY 
AFTER WELDING 30° 
TESTED A-3 40° 
DAYS 
AFTER WELDING A-4 36° 
TESTED A-5 51° 
1S DAYS 
AFTER WELDING A-6 52° 


Fig. 11—-Effect of Storage on the Ductility Bend Test 
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300°F, PREHEAT - 550°F, POSTHEAT, 7 MIN. 


SPECIMEN ANGLE oF 
NUMBER BEND 
TESTED 28° 
| DAY 
AFTER WELDING B-2 oat 
TESTED 8-3 
lO DAYS 
AFTER WELDING B-4 68° 
TESTED B-5 180° 
17 DAYS 
AFTER WELDING B-6 


Fig. 12—Effect of Storage on the Ductility Bend Test 


tion or increase in ductility was also much greater for 


the heavier thickness of material. This is to be expected effect 
as higher welding stresses are found in the heavier sec in ap 
tions. amot 
The similarity between the maximum ductility curve evalt 
and the isothermal transformation curve explains th dime 
reported difficulty of welding the S.A.E. X-4150 typ Ni 
of steel when using a high-temperature postheat. Thi able 
isothermal transformation curve shows that several steel 
hours are required for this steel to transform completel) tion 
at 1000° F., 1.e., material held at 1000° F. may partially of t 
transform but insufficient time at temperature ma) tion 
result in enough martensite forming on cooling to create mat 
a relatively brittle material. bou 
Variations in chemical composition found in otlier T 
heats of these materials will undoubtedly show changes duc 
in the exact boundaries for completion of transforma trat 
tion. Further test work with the particular heats tort 
available would be necessary in order to locate the exact m 
boundaries of completion of transformation. Indica- tim 
tions have been found showing a shift in the optimum tha 
ductility curve for thinner test specimens (Figs..15 to per 
15). Optimum ductility in thinner specimens generally avi 


occurs at a slightly higher temperature in a shorter time. 
Some observations have been made that indicate minor 
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Fig. 13—Bead Weld Specimen for 0.083-In. Thick Materia! 
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Fig. 14—Typical Bend Specimens, 0.083-In. S.A.E. X-4130 Steel 


effects due to changes in welding techniques. Hence, 
in applying the method outlined in this report a certain 
amount of testing should be undertaken in order to 
evaluate the material used in terms of the particular 
dimensions and welding processes being used. 

No complete isothermal transformation data are avail- 
able in the literature for either the NE 8630 or NE 9430 
steels. The curves obtained in the present investiga- 
tion may serve as an indication of the general location 
of the zone of completion of transformation. Varia- 
tions in chemical composition in other heats of these 
materials will undoubtedly result in changes in the exact 
boundaries for completion of transformation. 

The fact that this test shows that the maximum 
ductility curve of a steel follows closely its isothermal 
transformation curve and that the isothermal trans- 
formation curve can be used as a first approximation 
in determining the proper postheat temperature and 
time is important. Of equal importance is the fact 
that ductility can be improved by using a lower tem- 
perature with a shorter time when the proper data are 
available to determine this temperature and time. 

The possibility of extending the principle of controlled 
postheating to the welding of steels of other composi- 
tions may be realized from the examination of the por- 
tions of isothermal transformations reproduced in Fig. 
16. The ductility of the heat-affected zone for most of 
the medium-carbon alloy steels may be improved by 
recognizing the influence of the proper postheat tem- 
perature and time of treatment. 

The principle of the test outlined above may be used 
by any fabricator to give an adequate check of produc- 
tion postheat practice since the specimens may be 
welded in production and tested by bending in a vise, 
or a special jig such as that shown in Fig. 17. In order 
to determine a practical method for temperature indica- 
tion suitable for use in the shop, a number of tests were 
performed using various combinations of Tempilstiks,* 


* Indicating pencils and paints manufactured by Tempile Corp., 132 West 
22nd St., New York. 


Tempilags* and contact pyrometers. The use of 
Tempilstik and Tempilaq indicators seems the most 
satisfactory from a practical viewpoint. 

For the materials used in this study a postheat tem- 
perature of 600 to 750° F. for 10 min. after all welding is 
completed is suggested. The postheat temperature is 
not required for the whole structure but only for the 
joint being made. The preheat temperature need be 


73 


80 


TEMPERATURE OF POSTHEATING (*F) 


| 
| 
| 
195 
| 
| 
| 
3 


4 678690 
TIME ~— MINUTES 


Fig. 15—Postheat Time-Temperature-Ductility Relationship for 
X-4130 
Electrode: A.W.S. Class 6013 */ in. diam. Technique 
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only high enough to insure uniformity of heat and 
maintenance of the desired postheat temperature after 
completion of the weld. 

It has been suggested that it might be possible to use 
hardness measurements as a means of control of the 
postheating process. In order to determine the maxi- 
mum hardness in the heat-affected zone after the con- 
trolled postheat treatment, cross sections were prepared 
from the bead welds. The maximum hardnesses in the 
heat-affected zone of the polished section were measured 
using Rockwell ‘‘C”’ scale (Figs. 18, 19 and 20); Vickers 
hardness measurements would be much more desirable 
although the Rockwell “C”’ tests were made in order 
to determine whether such hardness measurements 
would be of any value for control of the process in actual 
fabrication work. Low hardness resulting from a partial 
transformation of the heat-affected zone at a high tem- 
perature may give a low ductility whereas a completely 
transformed structure at a lower temperature may show 
a higher hardness with better ductility. It will be diffi- 


cult to use hardness as a control method especially 
Rockwell ‘‘C’’ hardnesses are used. 

The statement has been made in the literaty; 
isothermally treated steel gives lower notched-| 
pact strength than quenched and tempered st: 
hardnesses lower than Rockwell “C’’42. InS.A.B.> 
this has been found to be true since the isoth 
treated samples show somewhat lower energy 
tion than the quenched and tempered samples 
same hardness (Fig. 21). This, however, is oj 
consequence when steel is fabricated in the norm 
condition as the notched-bar impact value fo: 
malized steel of a given hardness for the S.A.E. 
is much lower than either the isothermally trans/. 
or quenched and tempered material. The not 


bar impact properties for thinner sections in the 
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malized condition will possibly be more in line with those 


of the isothermally treated sections. 
The following conclusions may be drawn: 


1. The use of postheat of sufficient length to permit 
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Fig. 16-—-Shaded Areas Indicate Zones of Completion of Transformation for Postheating Time Versus 
Temperature 
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complete transformation at the postheat temperature 


of the austenite formed during the welding operation 
results in improved ductility of the heat-affected zone. 
Suitable postheat technique often makes possible the 
establishment of a shorter welding cycle by developing 
the properties of a normalized material without heat- 
treating entire assemblies after welding. 
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Fig. 18—Postheat Time-Temperature-Hardness Relationships for 


Quarter-Inch S.A.E. X-4130 Steel 


(Numbers on graph indicate maximum weld bead hardness 


Rockwell “C’’.) 


Fig. 17—Bench-Type Hand-Operated Bending Jig 


f 2. (Definite indications have been found that time 
and temperature of postheat for optimum ductility are 
related to the isothermal transformation character 
istics of the steel used at least for material of the gages 
studied. The isothermal transformation diagram may 
be used as a guide in the selection of postheat tem 
perature and time. However, allowances must be made 
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Fig. 20—Postheat Time-Temperature-Hardness Relationships for 
Quarter-Inch NE 9430 Steel 


(Numbers on graph indicate maximum weld bead hardness, 
Rockwell C.) 


for differences between time-temperature character- 
istics of ductility improvement and isothermal trans- 
formation. Preheat is important only in so far as it 
affects postheat conditions. 

3. The most effective postheat time and temperature 
for any steel which requires supplementary heating dur- 
ing fabrication can be determined by use of some modi- 
fication of the longitudinal bead-bend test, typical 
specimens of which are shown in Fig. 3. It is important 
to note that an increase of postheat temperature does 
not necessarily make the postheat more effective, nor 
does an increase in postheat time beyond that which is 
necessary to assure complete transformation of austenite 
formed during welding. 

The conclusions drawn from this study of the effect 
of postheat in the welding of aircraft steels suggest the 
possibility of advancing aircraft design by making use 
of lighter sections to obtain required physical properties 
and increasing the reliability of present design values. 
The importance of controlling the postheat time and 
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Fig. 21—Results of V-Notch Charpy Impact Tests on S.AE 
X-4130 Steel 


temperature in other applications such as the welding 


and the flame cutting of engineering steels and other 
medium alloys of any gage is also indicated. 
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X-ray negative. As an illustration of this situation, 
opsider fine internal cracks in a spot weld holding to- 
wether two sheets of 0.032-in. aluminum alloy. Radio- 
vraphs with X-ray tube voltage above 50 pkv. show no 
jetail of the internal cracks, whereas exposures at 20 
-25 pky. bring out the cracks clearly. This is to be 
expected since reference to Table 1 shows that the ratio 
{ the mass absorption coefficients of aluminum and oxy- 
zen, which is roughly equivalent to air in the voids, is of 
the order of one in the former case and of the order of four 
inthe latter case. X-ray tube voltages of approximately 
100 pkv. may be used for such defects in steel because 
of its relatively greater stopping power as may be veri- 
fed from Table 1. Although Table 1 further illustrates 
that the ratio of the absorption coefficient of both alumi- 
num and iron to oxygen increases with reduced tube 
yoltage indicating the possibility of greater contrast in 
the X-ray negative, there is a lower limit to the voltage 
that may be successfully employed. This is evident from 
an examination of the values for J, = 9195 is, presented 
in Table 1. Below a particular voltage the X-ray beam 
is completely extinguished in passing through the 
sample, therefore, no image is possible. Consequently, 
the optimum voltage for spot-weld radiography in 
aluminum alloy sheets is a compromise between high 
contrast in the negative and a reasonable exposure time. 
Experience has shown this voltage range to be 20-25 
pkv. for 24-ST Alclad and 61-SW aluminum alloy sheets 
up to approximately 0.125 in. total thickness. 

In order to retain as much contrast as possible in the 
image the inherent filtration of the X-ray tube window 
should be kept at a minimum. This is necessary be- 
cause With an exit window of any finite thickness, Equa- 
tion (1) shows that X-rays above a certain wave length 
will be completely absorbed. This fact sets an upper 
limit to the ratio of mass absorption coefficients for 
aluminum and oxygen, and, therefore, to the degree of 
contrast for defects involving voids. 

In choosing commercially available X-ray equip- 
ment for use in radiographing spot welds in aluminum 
alloy sheets, care must be taken to insure: 

1. That the voltage may be varied smoothly down 

to the interval 20 to 25 pkv. 

2. That the inherent filtration of the X-ray tube exit 

window be as little as possible. 

3. That, because of (2), oil insulated tube envelopes 
be avoided. 

4. That the X-ray tube current be the maximum 
consistent with the other requirements so that 
X-ray beam intensity will in turn be a maximum. 


If these conditions are fulfilled and a very fine grain film 
is employed, good contrast in aluminum alloy sheet 
spot-weld radiographs may be expected with practicable 
exposure times. 


II. Description of Apparatus and Radiographic 
Technique 


To fulfill the necessary requirements for aluminum 
alloy spot-weld radiography a Picker 90-pkv., 60-ma. 
mobile X-ray unit has been employed.* The entire as- 
sembly is illustrated in the photograph of Fig. 1 and the 
details of the electrical circuits are presented in simplified 
form in the diagram of Fig. 2. The unique feature of 
this arrangement is that by interchanging three high- 
voltage cable connections, it is possible to change from a 

* This equipment is completely specified in a report ‘Production Spot-Weld 
Quality Control Equipment and Procedures at the Armstrong Cork Company”’ 
prepared by G. W. Scott, Jr., Chairman of Subcommittee on ‘Production 
Spot-Weld Quality Control Procedure.”"’ This report has been distributed to 


members of the parent Aircraft Welding Research Committee and is still 
available to those interested and qualified. 
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conventional radiographic tube to a diffraction tube, 
using the same power supply. If the dotted lines are 
omitted in the circuit diagram of Fig. 2, connections are 
suitable for the use of Picker PX-3B radiographic tube 
T, having a tungsten target, with a maximum available 
voltage of 90 pkv. To transfer to the Machlett C-504A 
diffraction tube 7; with molybdenum target, the high- 
voltage cable C;, is disconnected from tube 7; and 
grounded through the junction box /;. Further, the 
high-voltage cable C; is removed from tube 7, and in- 
serted into the input terminal of junction box J». High- 
voltage cable C; is then connected from the output of 
junction box J, to the cathode of tube 7». Of course, 
the water-cooled target of tube 72 is grounded, which 
completes the electrical connection to the grounded cen- 
ter of the power transformer. Since half the secondary 
of the power transformer is removed by connection to 
ground through junction box J;, only 45 pkv. is avail- 
able across tube 7». In addition, switches S», S; and S, 
must be placed in the dotted positions so that the control 
circuits and the target current meter MM, will function 
for tube 7>. 

A detailed consideration of this radiographic assembly 
shows it to meet very adequately the requirements for 
aluminum spot-weld radiography enumerated in Sec- 
tion I. The voltage may be smoothly varied from a 
maximum of 90 to 8 pkv., representing a minimum of 
4 pkv. across tube 72, by means of the autotransformer 
A. The diffraction tube 7; has a 0.010-in. beryllium exit 
window, which represents the lowest inherent filtration 
known in a commercially available X-ray tube, thereby 
permitting the greatest possible detail in the radio- 
graphs. Although the use of the radiographic tube 7; 
admits of somewhat higher inherent filtration due to the 
oil bath insulating its envelope, its use permits instan- 
taneous tube currents up to 60 ma. High X-ray beam 
intensities are in this way available when necessary. 


Fig. 1—Photograph of Assembly for Spot-Weld Radiography 

Ti, radiographic tube; Te, diffraction tube; C, flexible high- 
voltage cable; J, high-voltage junction box; X, mobile control stand 
and power supply; 5S, adjustable tube mount; F, lead-lined ex 
posure box; W, water lines for tube 7p. 
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ization advisable; the use of per 
meters is not necessary for interp: 
spot-weld radiographs to obtain 
them the information of value .< . 
quality control. Although 
Superay B film is used in this y 
Eastman type M is quite as accep 
since the important requirement 

spot-weld X-ray film is finen 

grain. If the film is developed 

density of 2.0, an 8- XK 10-in. viewer 
with 500 watts of illuminating power 
is very satisfactory for examining the 
films. The negatives should not he 
magnified more than a few diameters 
for detailed examination since beyond 
this there is a serious loss of contrast 
However, it is possible to make clear 
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printed enlargements of spot-weld 
radiographs up to 10 diameters. 
Special film holders are made {for 
routine spot-weld radiography on air- 
craft subassemblies. The area to be 


Fig, 2—Circuit Diagram for X-Ray Equipment 


T;, Picker PX-3B radiographic tube; Tz, Machlett C-504A diffraction tube; Ci, C2, Cs 
flexible high-voltage cables; Ji, J2, high-voltage junction boxes; X, oil-filled power and 
filament transformer, 90 pkv.-60 ma.; R, filament regulator; M,, radiographic tube milli 
ammeter; M2, diffraction tube milliammeter; V, tube kilovolt meter; K, control circuit 
$i, S2, Ss, Se, Ss, power and control switches; A, autotransformer for voltage 


contactor; 
control. 


Consequently, by the alternate use of both X-ray tubes, 
optimum exposure conditions have been possible for 
any situation that has arisen in an extensive program 
of aluminum alloy spot-weld radiography. In general, 
the radiographic tube has been used for routine work 
and the diffraction tube for development. 

The radiography has been carried out in a lead-lined 
exposure room, large enough to accommodate subas- 
semblies and located conveniently near the production 
spot-welding operation. The availability of Andelco 
X-ray plywood, i.e., plywood faced with '/j-in. lead 
sheet, makes the construction of such a room straight- 
forward and provides the radiographer and other workers 
in the vicinity adequate protection from exposure to 
X-rays up to 100 pkv. in accordance 
with the Bureau of Standards Bulletin 


radiographed is measured and an 
appropriate size of 0.003- to 0.004-in 
black paper is cut to enclose the film, 
allowing at least 1-in. overlap for the 
ends and in most instances using 
double thickness of the black paper 
The film, which has been cut to siz: 
is inserted in the envelope or film 
holder, the ends of which are seated with Scotch Cello 
phane tape, care being taken that the tape is not inter- 
posed between film and spot welds. The film holder is 
attached as closely as possible also by means of Cellophan: 
tape, to the back of the surface containing the welds t: 
be radiographed. 

It is to be clearly understood that the X-ray tube r 
ferred to throughout as a diffraction tube is simply 
thin window X-ray tube, originally designed for X-ray 
diffraction work, but used here exclusively for radi 
ography. None of the X-ray negatives reproduced ar 
X-ray diffraction patterns. 


EXPOSURE CURVES FOR - 


HB20. Exposures are controlled from 9988 
the exterior of the room and the door Me: 
into the room, which contains a lead 5000 


glass panel for viewing, is interlocked 


24-ST AND 61-SW ALUMINUM ALLOYS — 


so that the high voltage may not be 


| ] 


placed on either X-ray tube with the 
door open. 

Although spot-weld radiographs have 
been successfully made at target-film 
distances much shorter, experience in 
making many thousands of routine 


spot-weld radiographs has proved a 


24-in. target-film distance, with a corre- 


sponding 8- X 10-in. field, to be most 


practicable. The necessary exposures 
for this arrangement are chosen from 
the technique curves for 24-ST Alclad 
and 61-SW alloys at 20 to 25 pkv. 


EXPOSURE - MILLIAMPERE SECONDS 


presented in Fig. 3. These curves are 
in continual use for routine work both 
on test specimens and subassemblies. 


The X-ray negatives are processed 040 050 
in tanks with the developer carefully 
controlled to 68° F. This has been 


Fig. 3 
found to be the only careful standard- 
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-Exposure Curves for Routine Spot-Weld Radiography of Aluminum 


Alloys 
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th 0.040 x 0.040 In.; Radiographic Tube: 20 Pkv., 20 Ma., 78 Sec.., 
ae 24 In. Distance 
eT 
7{ 
Sta Ill. Radiography to Reveal Spot-Weld Structure 
Ho 
ter Although transverse radiographs reveal many facts 
r is of spot-weld structure, they may only be completely 
ine understood and interpreted in conjunction with metal- 
ti lographic examination of the same specimens. However, 
after this dual approach has made possible the correct 
r interpretation of the radiographic images, the most 
straightforward procedure in determining the structure 
ray or quality of a spot-weld 1s X-ray examination. Fur- 
di thermore, radiography has the very great advantage of 
ure being a nondestructive test. 
\ 
Fig. 5—Enlargement (7.3 ) of Sound 24-ST Alclad Spot Weld 
with Radial Lines, 0.064 x 0.064 In.; Di fraction Tube: 20 Pkv., 
20 Ma., 40 Min., 10 In. Distance 
1944 
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Transverse radiographs reveal vast differences in spot- 
weld structure as may be seen from a comparison of the 
enlargements in Figs. 4, 5 and 6. It should be pointed 
out before going further that all spot-weld reproductions 
presented are negatives, wherein radiographically dense 
regions appear light and transparent regions appear 
dark. Most striking is the difference in the radio- 
graphic appearance of the 24-ST Alclad weld Fig 4 
and the 61-SW weld of Fig. 6 (a). As might be expected, 
such detailed structure in the 24-ST Alclad radiograph 
provides more clues from which actual structure and 
quality may be inferred than in the case of the 61-SW 
weld. The lack of structure in the 61-SW radiograph 
may be attributed to the fact that this alloy contains only 
0.25°% copper whereas the 24-ST Alclad alloy contains 
4.5%. It will be recalled from Section I that the 
structure shown in any radiograph is due to differences 


Fig. 6 (a)—Enlargement (10 x) of Sound 61-SW Spel Weld, 


Diffraction Tube: 20 Pkv., , Min. 


16 In. Distance 


0.040 x 0.040 In.; 14 Ma., 3 


Fig. 6 (b)—Enlargement (1.85 *) of Sound 61-SW Seam Weld, 
0.032 x 0.032 In.; Radiographic Tube: 20 Pkv., 20 Ma., 38 Sec., 
24 In. Distance 


for 
X-rays of the components of the material being examined. 


in the absorption coefficients or the stopping power 


Reference to Table I will show the ratio of the mass ab 
sorption coefficients of aluminum and copper to be con 
siderably less than unity even for X-ray tube voltages 
as high 154.1 pkv., which is the condition providing high 
contrast for such inclusions. During the formation of 
the weld slug in the 24-ST Alclad alloy, copper may 
segregate and the resulting copper-rich areas appear on 
the radiograph with high contrast. Due to the lack of a 
significant percentage of copper this situation does not 
occur as markedly in the case of a 61-SW spot weld, where 
the only structure is a uniformly dark central area in 
sharp contrast in the case of a sound weld to a bright 
and diffuse peripheral ring. However, comparison of a 
transverse radiograph such as in Fig. 6 (a) with a macro 
graph of a cross section reproduced to the same enlarge- 
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ment of an identical 61-SW spot weld shows the dark 
inner region of the radiograph to correspond with the 
weld slug of the macrograph. The diffuse bright region 
of the radiograph may be correlated with the space just 
outside the slug which Fig. 10 (6) shows to contain ex- 
truded dark streamers. The assumption that these 
streamers are copper-rich explains the occurrence of the 
bright peripheral ring always present in a 61-SW spot- 
weld radiograph. If the streamers in question are not 
evident from Fig. 10 (4), they may be clearly observed 
projecting from the edge of the weld slug in the photo-, 
micrograph of Fig. 10 (c). An enlargement of a section 
of a sound seam weld in 61-SW alloy is given in Fig. 6 
(6) for reference. The light and dark rings as well as the 
bright corona band of the sound 24-ST Alclad spot-weld 
radiograph of Fig. 4 have been interpreted by others.' 
The light radial lines evident in the central region of the 
24-ST Alclad spot-weld enlargement of Fig. 5 are an 
interesting manifestation. Although their significance 
and occurrence are not conclusively understood, their 
appearance is thought to represent a borderline condi- 
tion between a sound and an internally cracked spot 
weld. Support is given this supposition by the fact that 
in production welds those with the radial lines in ques- 
tion appear most frequently among welds containing in- 
ternal cracks. 

By comparing a transverse and a longitudinal radio- 
graph with the macrograph of a cross section, a pro- 
cedure already employed by others,' the cause of the 
radial lines appearing in Fig. 5 may be shown in the most 
striking manner. Figure 7 A is the transverse radio- 
graph of Fig. 5, while B is a cross section from the center 
of this spot weld and C is a longitudinal radiograph made 
from a thin section cut from the face of the metallo- 
graphic specimen, all reproduced at the same magnifica- 
tion and mounted in alignment to relate corresponding 
structures. In approximately the median plane be- 
tween the sheets of Fig. 7 C are plainly seen two radio- 
graphically dense regions of rather delicate structure ex- 
tending toward but not reaching the center of the weld 
slug. They may be observed to correspond definitely 
to the radial lines of Fig. 7 A. These segregations have 
been shown metallographically to be largely of the com- 
pound CuAlk. The dark, copper-rich areas in the 
equiaxed region of the cross section in Fig. 7 B again cor- 
respond to the segregations in question. However, they 
appear as isolated dots rather than as essentially solid 
lines merely because the specimen did not happen to cut 
through any of the lines longitudinally. 

Examination of Figs. 8 (a), (0), (c), (d) will reveal 
evidence in support of the fact stated in Section I that it 
is highly important for good contrast to have as low in- 
herent filtration as possible in the exit window of the 
X-ray tube. Otherwise the longest wave-length X-rays, 
most important for revealing details of structure in an 
aluminum alloy spot weld, will be filtered out of the beam. 
Figures 8 (a) and 8 (b) are radiographs of an identical 
24-ST Alclad alloy spot weld taken at the same tube volt- 
age of 20 pkv., in the case of 8 (a) with the 0.010-in. 
beryllium window diffraction tube and in the case of 8 
(b) with the glass window, oil-insulated radiographic 
tube. The superior detail revealed by the thin metal 
window diffraction tube is obvious, particularly in re- 
vealing the radial lines. For the same reason, the con- 
trast between the dark central region and the bright dif- 
fuse peripheral ring of the 61-SW alloy spot weld of Fig. 
8 (c) taken with the diffraction tube at 20 pkv. is mark- 
edly sharper than the contrast present in the radiograph 
of Fig. 8 (d) of the identical weld taken also at 20 pkv. 
with the radiographic tube. 

An unusual photomicrograph showing the structure 
from the surface to the interior of a sound, symmetrically 
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Fig. 7—Transverse Radiograph (A), Macrograph of Cross 
Section (B), and Longitudinal Radiograph (C) of Identical 
24-ST Alclad Spot Weld, 0.064 x 0.064 In., Enlarged (7.3 x) 


shaped 24-ST Alclad weld is presented in Fig. 9 (a) 
which is an enlargement to 100 X of an appropriate 
region of the weld cross section presented in Fig. 10 (a). 
At the top of the photograph is the pure aluminum clad- 
ding, the lower region of which shows evidence of dif- 
fusion of copper from the base alloy. Between the base 
of the cladding and the broken white line representing 
the boundary of the fused zone is a region the lower, 
darker half of which has been heat affected. Below 
this line are, of course, the dark outer fused or dendritic 
zone and the lighter inner fused or equiaxed zone. A 
photograph similar to Fig. 9 (a) is presented in Fig. ° 
(b) for a 61-SW spot weld, a macrograph of which appears 
in Fig. 10 (6). As is readily apparent, there is less dil- 
ferentiation in structure in the case of the 61-SW cross 
section than in the case of the 24-ST Alclad weld. 
Although the discussion has to this point been con- 
cerned with the structure of sound spot welds reveale« 
by radiographs, X-ray examination is perhaps most 11 


tions and defects. Such conditions as cracks, spits, 
asymmetry, and certain types of porosity are relatively) 
obvious from an examination of the X-ray negatives 
whereas the detection of duds, tip pickup, tip skid, tip 
misalignment or cladding inclusion requires careful 
study of the negatives at least until the viewer has 
gained some experience in such analysis. 
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The enlargement of Fig. 11 shows all the character- 
istic structure of a 24-ST Alclad spot weld plus internal 
cracks. The spot weld in Fig. 12 not only has a system 
of internal cracks but also a spit which is identified as a 
region of higher X-ray absorption emanating from the 
weld, due to a splatter of metal from the weld slug into the 
plane between the aluminum sheets. A careful examina- 
tion of this radiograph will reveal a dark central spot 
representing a region of porosity due to metal lost from 
the slug into the spit. Another type of porosity en- 
countered is shown in Fig. that is, isolated regions 


Fig. 8 (a)—Enlargement (10 <) of Sound 24-ST Alclad Spot 

Weld, Identical with 8 (b), Showing Better Contrast, 0.040 x 

0.040 In.; Diffraction — 20 Pkv., 15 Ma., 10 Min., 13 In. 
istance 


Fig. 8 (b)—Enlargement (10 ) of Sound 24-ST Alclad Spot 

Weld, Identical with 8 (a), Showing Poorer Contrast, 0.040 x 

0.040 In.; Radiographic Tube: 20 Pkv., 20 Ma., 100 Sec., 
24 In. Distance 


ay 


throughout the slug of reduced density. Although not 
illustrated, a general slug porosity is readily apparent 
in a group of production spot-weld radiographs because 
of the greater contrast between this weld and the back- 
ground of parent metal than in the case of surrounding 
sound welds. Needless to say, this condition is fre- 
quently associated with a spit. A somewhat exaggerated 
condition of spot-weld slug asymmetry is presented in 
Fig. 14, probably due to nonuniform surface preparation. 
It should be emphasized that such a situation is usually 
not apparent from visual inspection. 


Fig. 8 (c)—Enlargement (10 *) of Sound 61-SW Spot Weld, 
Identical with 8 (d), Showing Better Contrast, 0.040 x 0.040 In.; 
Diffraction Tube: 20-Pkv., 14 Ma., 3°/, Min., 16 In. Distance 


Fig. 8 (d)—Enlargement (10 <) of Sound 61-SW Spot Weld, 
Identical with 8 (c), Showing Poorer Contrast, 0.040 x 0.040 In.; 
Radiographic Tube: 20 Pkv., 20 Ma., 40 Sec., 24 In. Distance 
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Fig. 9 (a)—-Photomicrograph (100 x) of 24-ST Alclad Spot Weld, Fig. 9 (b)—-Photomicrograph (100 x) of 61-SW Spot Weld, 
Identical with Weld of Fig. 10 (a), 0.064 x 0.064 In. Identical with Weld of Fig. 10 (b), (c), 0.040 x 0.040 In. 
A, copper diffusion in cladding; B, boundary line of fused zone; A, parent alloy; B, outer fused zone; C, inner fused zor 


C, outer fused zone; D, inner fused zone. 


Somewhat more difficult to identify, but of vast im- tween the dark center and the bright outer ring in the 
portance in establishing radiography as a significant tool case of poor fusion. This lack of a bright peripheral 
in spot-weld inspection are images of dud spot welds, ring may be attributed to the fact that, unless a siz 
that is, spot welds with very little or complete lack of able molten slug is formed, there is little likelihood that 
fusion. As has been pointed out by others' lack of the the dark streamers of Fig. 10 (6) and 10 (c) will be 
dark ring in the radiograph of a 24-ST 
Alclad spot weld indicates poor fusion. 
The radiographs enlarged in Fig. 15 
are from a series of routine production 
radiographs. Spot welds indicated A 
and C are clearly duds, whereas weld B 
is sound. A subsequent magnetic os- 
cillograph analysis’ of the stored-energy 
spot-welding machine producing these 
welds showed that it was alternately 
firing with double weld pressure, due 
to a defect in the operation of the weld- 
ing machine control panel. The in- 
creased weld pressure lowered contact 
resistance causing poor fusion at the 
current setting employed, as is re- 
vealed by the radiograph. Dud spot 
welds are as readily apparent in 61-SW Fig. 10 (a)—-Macrograph (13.1 ) of Cross Section of 24-ST Alclad Spot Weld, 
alloy, due to lack of good contrast be- Identical with Weld of Fig. 9 (a), 0.064 x 0.064 In. 
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but is recurring. Therefore, it may be definitely as- 
signed to welding tip misalignment. A study of the 
radiograph in Fig. 19 with reference to a macrograph 
of a cross section of the same weld shows that the dark 
circle in the center of the weld surrounded by a lighter 
ring may be ascribed to a centrally located cladding in 
clusion, resulting in a toroidal weld. The opaque scal- 


Fig. 10 (b)—Macrograph (14 X) of Cross Section of 61-SW 
Spot Weld, Identical with Weld of Fig. 9 (b), 10 (c), 0.040 x 
0.040 In. 


forced into the parent metal, thereby causing the opaque 
outer ring observed in a sound 61-SW spotweld radio- 


graph, as has already been explained. 
Electrode tip pickup is revealed as opaque regions in ee ' sb: 

the radiograph of a spot weld as in the 61-SW weld of eet oY 5 

Fig. 16. The opacity to X-rays, of course, is brought Se 

about by the fact that an alloy of copper from the welding ie 5 

electrode and aluminum from the material welded sticks 

to the latter surface, causing the so-called tip pickup. P ee is 

A similar radiograph is obtained from a weld where a iE oot 

ridge of aluminum alloy alone has been raised by the pep $ "ee 

electrode tip. As may be seen from Table 1, the ratio ihe 3 

of the mass absorption coefficients for X-rays of copper 

and aluminum is quite high, thereby causing the spots sae: = e 3 

of opacity where pickup occurs. If there is any welding Ba a 

tip skid during the formation of a spot weld, the radio- 

graph of a 24-ST Alclad weld, as in Fig. 17, will show a 


more pronounced corona ring on the side toward which 


the electrode skidded. Although the spot-weld slug Fig. 11—Enlargement (10 x) of 24-ST Alclad Spot Weld 


asymmetry in the series of welds of Fig. 18 is similar 0.064 x 0.064 In.; Showing Internal Cracks: Diffraction Tube 
to that illustrated in Fig. 14, it is not of a random nature 20 Pkv., 20 Ma., 40 Min., 10 In. Distance 


lops around the periphery of the 24-ST 
Alclad weld shown radiographed in 
Fig. 20 are associated with improper 
preweld cleaning. 


, It is evident, from examination of 
Figs. 4 through 8 and 11 through 20 
that more detail is apparent in the 
spot-weld enlargements made from the 
diffraction tube negatives than from 
the radiographic tube negatives. 

e The reason for this has already been 

: explained. Itshould be further 

; pointed out that the much longer ex- 

; posure times quoted for the diffrac- 


tion tube negatives are due simply to 
a lower intensity X-ray beam emer- 
gent from this tube because of the 
particular target exit window geome- 
try; and that such longer exposures 
are not responsible for the improved 
detail. Although the over-all detail 
in several of the spot-weld enlarge- 
ments presented is not unusual, they 
have been reproduced to illustrate a 
particular defect that may be readily 
detected radiographically. 


IV. Use of Radiography for De- 
velopment and Control of Spot- 
Weld Process 


Radiography has been used for 


Fig. 10 (c)—Photomicrograph (200 x) of Region at End of Weld Slug in Fig. 10 (b), complete examinati mn of spot-weld 
Showing Copper-Rich Extrusions test specimens made in the develop- 
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Fig. 12—Enlargement (6 <) of 24-ST Alclad Spot Weld, 0.025 
x 0.025 In., Showing Spit; Diffraction Tube: 15 Pkv., 14 Ma., 
10 Min., 12 In. Distance 


ment of a production aluminum alloy spot-welding proc- 
ess and is used to a limited extent for routine examination 
as a quality control of aircraft subassemblies fabricated in 
accordance with this process. Before a combination 
of preweld cleaning procedure, welding machine control 
settings and welding machine electrode setup for a partic- 
ular alloy and gage combination is approved for produc- 
tion use, 25 test specimens must be radiographed, reveal- 
ing none of the 10 spot-weld defects enumerated in Sec- 
tio III. Furthermore all the test specimens from a 
quarterly production check, requiring 25 specimens 
under regular operating conditions for each gage com- 


4 
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Fig. 13—Enlargement (10 x) of 24-ST Alclad Spot Weld, 
0.040 x 0.032 x 0.072 In., Showing Porosity; Radiographic 
Tube: 25 Pkv., 20 Ma., 125 Sec., 24 In. Distance 
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Fig. 14—Enlargement (10 x) of 24-ST Alclad Spot Weld, 0.051 
x 0.051 In., Showing Slug Asymmetry; Radiographic Tube: 
20 Pkv., 20 Ma., 132 Sec., 24 In. Distance 


Fig. 15—Enlargement (1.85 x) of Series of 24-ST Alclad Spot 
Welds, 0.040 x 0.032 x 0.072 In.; Radiographic Tube: 25 Pkv., 
20 Ma., 125 Sec., 24 In. Distance 
A, dud weld; B, sound weld; C, dud weld. 


Fig. 16—Enlargement (10 x) of 61-SW Spot Weld, 0.040 x 
0.040 In., Showing Tip Pickup; Radiographic Tube: 20 Pkv., 
20 Ma., 45 Sec., 24 In. Distance 
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Fig. 17—Enlargement (10 X) of 24-ST Alclad Spot Weld, 
0.040 x 0.040 In., Showing Tip Skid; Radiographic Tube: 
20 Pkv., 20 Ma., 78 Sec., 24 In. Distance 


bination welded at each machine in the spot-welding 
department, are radiographed and the films studied for 
defects. 

Whenever an operation such as assembly cleaning is 
being carried out on a factory test basis, subassemblies 
are frequently withdrawn from the production line and 
subjected to nearly complete X-ray examination. A 
regular procedure is in effect of sampling a few sub- 
assemblies from the line each week for radiographic 
examination. In the case of these subassemblies spot 
welded in accordance with approved factory procedures, 
about 20 critical welds of each gage combination are 
chosen for radiographing as a quality control. Further- 
more, if the soundness of any production spot weld is 
questioned as a result of visual inspection or for other 
reasons, radiography is used with complete reliableness 
to settle the matter. 

Although as many as 10 spot-weld defects may be re- 
vealed from X-ray negatives, not all of these are nor- 
mally considered in routine spot-weld radiography as a 
quality control. Those defects regularly tabulated are 
internal cracks, spits, porosity, duds and asymmetry. 
The others are neglected either because they are of very 
infrequent occurrence or because they may be detected 
as readily or even more readily by visual inspection or 
some other less expensive means. It has not been 
thought necessary in radiographic quality control to 
estimate spot-weld shear strengths even though it is 
possible to do so by a direct measurement of the dark 
rnng* in a 24-ST Alclad spot weld and reference to an 


Fig. 18—Enlargement (1.85 <) of Series of 24-ST Alclad Spot 


Welds, 0.040 x 0.040 In., Showing Tip Misalignment; Radio- 
graphic Tube: 20 Pkv., 20 Ma., 78 Sec., 24 In. Distance 
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Fig. 19—Enlargement (10 x) of 24-ST Alclad Spot Weld, 
0.032 x 0.032 In., Showing Central Cladding Inclusion; Radio- 
graphic Tube: 20 Pkv., 20 Ma., 53 Sec., 24 In. Distance 


empirical shear strength relationship. As has been 
explained in Section III, direct examination of the 
X-ray negative will reveal to an experienced viewer 
complete lack of fusion or slug penetration less than 
that normally prescribed. If the penetration require- 
ment is fulfilled and the spot weld is otherwise sound, 
its shear strength may be expected to be acceptable. 

As a result of a careful examination of approximately 
50,000 production spot welds, including of course many 
test specimens, correlated with an intensive study of the 
over-all aluminum alloy spot-welding operation in fac- 
tory use, allowable limits in primary structure welding 


Fig. 20—Enlargement (10 X) of 24-ST Alclad Spot Weld, 

0.032 x 0.032 In., Showing Opaque Scallops Around the Periph- 

ery; Radiographic Tube: R. Pkv., 20 Ma., 53 Sec., 24 In. 
istance 


; 
> 
Pane 
569-s 


Table 2 
Percentage Allowable 
Good Satisfactory 
Test Factory Production Production 
Defect Specimens Testt Welding Welding 
Internal cracks 0 5-20 5 20 
Spits 0 0-10 0 10 
Porosity i) 5-20 5 20 
Duds (1.e., lack 

of fusion) 0 0 0 0 
Asymmetry * 0 20-30 20 30 


* Slight deviation from circular 
+ That is, same as normal production 


for the defects checked by radiographic means have been 
established and are in daily use. These limits are pre- 
sented in Table 2 and represent a compromise between 
ideal conditions possible with test specimens and the 
unavoidable inconsistencies present in a factory alu- 
minum alloy spot-welding operation. The important 
point to emphasize is that these limits are known from 
radiographic evidence to be possible with a controlled 
aluminum spot-welding process and from usage to be 
satisfactory for primary structure aircraft spot-welding. 
The radiographic defect in Table 2 over which there 
has been most controversy is internal cracks, opinions 
having varied from the contention that internal cracks 
are serious to the statement that cracked welds are 
stronger than sound ones. Since experience has shown 
it is quite possible to minimize internal cracks in a con- 
trolled aluminum spot-welding operation and since evi- 
dence is slowly but definitely accumulating to the 
effect that the fatigue strength of spot welds is lowered 
by internal cracks, it is strongly felt that the allowable 
limits for internal cracks specified should be strictly 
adhered to in primary structure welding. Since the 
occurrence of spits may be identified usually either 
with poor preweld cleaning or an improper welding ma- 
chine setting and is likely to cause general porosity 
thereby reducing shear strength, this condition and 
porosity must certainly be minimized as indicated 
in Table 2. Of course, dud spot welds must never 
be tolerated under any circumstances. If the weld 
asymmetry is other than a slight deviation from the 
circular, as explained in the footnote of Table 2, the 
allowable percentage of this defect in production is ad- 
justed in accordance with the degree of asymmetry. 


V. Conclusion 


The procedure for the use of radiography to deter- 
mine the soundness of production aluminum alloy spot 
welds described in Section IV is serving as an important 
part of an over-all system of quality control for primary 
structure aircraft spot welding that includes, in addition, 
contact resistance measurements** as a control of preweld 
cleaning and magnetic oscillograph analyses** of welding 


machines as a control of the actual spot-welding ; 


Although the X-ray work discussed involves r: ‘veh 
small subassemblies which may be conveniently (ray< 
ported to the radiographic exposure room, the X-ray | 
equipment is mobile so that if necessary it can be oye 


to the position of fabrication of a large subassem!)\y ay, 
the necessary control radiography accomplished. Sip 
a spot-weld radiograph, compared to the actu 


duction of the weld, is a relatively expensive it. m. ;; 
will never be economical to X-ray more than er 
small percentage of all production welds even ii jyt, 
matic radiography is eventually perfected in associy 


tion with completely automatic spot welding beciys, 
of the considerable overhead involved in prox 
studying and cataloging the X-ray negatives Che 
extent of radiographic inspection as a quality « 
outlined in Section IV probably represents th 

limit in percentage of production spot welds 
graphed that is economical at the present state | 
development of the aluminum alloy spot-welding process 
Since radiographic inspection is thus inherently limited 
to a restricted usage, it alone may not serve 
adequate control for primary structure spot welding, 
not only because such limited sampling may not always 
be reliable but further and perhaps more important 
because it is purely descriptive of the conditions that 
exist and does nothing to prevent or correct fault) 
welding. Therefore, in a suitable control system it must 
necessarily be supplemented by the contact resistance 
measurements and the oscillographic analyses alread 
mentioned. If spot welding is to find more general us 
in primary structures, as no doubt it must for economi 
reasons, in postwar competitive aircraft manufactur: 
such a comprehensive system of quality control is es 
sential to ensure the integrity of the spot-welded air 
frames. 
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MONG the various methods of x-ray diffraction 
analysis which have been applied to war ma- 
terials, the back-reflection method can be con- 

sidered the most important one. The fact that this 
_ method of stress determination has not found wider ap- 
iS, plication in this country before the war is mainly due to 
lack of suitable equipment and to the tedious procedure. 
However, in recent years special tubes have been built 
and suitable back-reflection cameras were developed so 
that accurate and reliable work can be done more readily. 

During recent months portable equipment has been used 
on board ship to determine residual stresses in welded 
structures. 

For those who are familiar with the method but re 
quire specific information on particular problems, we 
are attaching a comprehensive Bibliography. For those 
who are not familiar with this method of stress deter- 
mination by means of x-rays we refer to reference SS. 

Just one recent development which greatly facilitates 
the film measurements shall be mentioned. Our strain 
gage, the lattice parameter of the iron crystal is, of 
course, extremely small, and any variations due to stress 
are of the order of a billionth of an inch. For this 
reason the work must be carried out with extreme care 
and accuracy and the results, the x-ray pattern on the 
film, should be clearly defined for exact measurement 
to within 1 /s000 in. 

This is not always possible due to the nature of the 
steel. By simple immersion of the processed film in a 
special intensifying solution the contrast can be greatly 
enhanced, thus making weak lines suitable for measure- 
| ment. The illustration shows a radiograph, one-half 
ir of which has been treated. By the way, we have here 
two exposures on one film. The gold reference (outer 
circles) and iron lines in the normal state are shown in 
segment 1 whereas segment 2 represents the same test 
bar under 40,000 psi. load. The broadening of the iron 
line is due to plastic deformation. A specially designed 
comparator is used for precise measurements. 
veld Another method, developed by-the writer, employs a 

projection apparatus with low magnification. The ad- 
vantage is the elimination of a standard material since 
the distance from the center of the circle to the outside 
of the Ka iron line can be measured. In fact, the film 
may be projected directly on toa stress scale, thus 
avoiding all mathematics. 
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Researches in Alloy Steel Welding 


By D. HANSON, D.Sc., A. H. COTTRELL, B.Sc., Ph.D., K. WINTERTON, B.Sc., Ph.D., 
J. A. WHEELER, B.Sc., and P. D. CROWTHER, B.Sc. 


General Introduction. 


For some years a small team of research workers in the 
University of Birmingham has been studying some of the 
basic problems in the arc-welding of high tensile alloy steels, 
especially the causes of the cracks which form at relatively 
low temperatures in the region of the weld. This work has 
been undertaken in association with the R.13 Sub-Committee 
of the Institute of Welding. Earlier reports'»* have dealt 
with certain preliminary studies which served to define the 
problem more closely; perhaps the most important results 
of this work were : 


(a) the determination of the temperature range in which 
the cracks form, 

(b) the experimental demonstration .that they do not 
occur simultaneously with the martensite transforma- 
tion in the heat affected zone, 

the demonstration that the tendency to cracking can 
be diminished and cracks can usually be avoided by 
the use of suitable austenitic steel electrodes, associated 
in some cases with a control of the rate of cooling of 
the weld over the critical temperature range by pre- 
heating or other suitable means. 


The formation of cracks in the heat-affected zone adjacent 
to the weld is a common difficulty with steels over a fairly 
wide range of compositions owing to the hardening which 
can occur in this region as a result of the rapid rates of 
cooling in welded joints. It has become well recognised that 
the hardness of this zone is related to the tendency to form 
cracks, and this has led to methods of predicting the welding 
behaviour from a knowledge of hardenability or of the 
chemical composition*,*. Such methods have as their objec- 
tive the classification of steels into those liable to crack and 
those which may be expected to be free from cracking. This 
classification really means a sorting of steels into those in 
which the carbon and alloying element contents are insufficient 
to cause the development of a fully martensitic structure at 
the welding rate of cooling, and those in which the com- 
position is sufficient. 

Such research methods are very satisfactory when dealing 
with low alloy steels and lead to quick results. They cannot 
be applied to higher alloyed steels, however, since the results 
on the low alloy ones show that the former steels will certainly 
fail by the hardenability tests. The higher alloyed types 
(such as 4S11) will always develop a fully hardened marten- 
sitic structure at welding rates of cooling and the welding 
problem here is to avoid cracking in the joint when a marten- 
sitic structure is formed in the hardened zones. 

In attempting to plan their experiments, the investigators 
were faced with some serious difficulties, on account of the 
unusual complexity of the problem. It did not seem possible 
to formulate a satisfactory theory of the phenomena without 
carrying out a series of investigations, since in various 
directions relevant information was wholly lacking. Apart 
from the need for studying still more closely the incidence of 
cracking and the nature of the structures in and near the 
weld, it appeared desirable to analyse the stress distribution 
in the region of the weld, to determine the mean stress 
necessary to produce failure, and to investigate the properties 
of the steel as it existed in the heat affected zone, where it is 
subjected to treatments—and may possess qualities—-outside 
normal metallurgical experience. It was therefore decided 
to attempt a survey—when necessary in a preliminary manner 
only—of as many aspects of the problem as possible, in the 
belief that it would be possible to formulate a satisfactory 


(¢ 


theory only when an assessment of the importance of these 
factors could be made. 

The results of the investigations are contained in the 
present report (in five parts), and in three associated papers. 
The report, which deals with welding phenomena, !s in five 
sections dealing with the following subjects. 


I. A. general investigation of the structure and properties 
of austenitic steel single-run and multi-run welds An 
appendix is given on the use of ferritic steel electrodes by 
means of a technique that is used successfully for austenitic 
steel welds. 


Il. The temperature and mode of initiation of hardened 
zone cracking, as studied by ROLLASON and COTTRELL’, Is 
here examined more fully. 


Ill. A quantitative measurement of the transverse stress 
across butt-welded joints, and its formation and development 
during and after welding, is made. The effects of varying the 
plate thicknesses, electrode types, etc., are also studied. 


1V. An analysis is made of the effect of ‘‘local stresses,”* 
which are formed in the hardened zone, upon the mechanical 
properties of the material. 


V. The results of the investigation are discussed from a 
theoretical point of view in order to establish a theory of 
cracking. The practical implications of the work are discussed. 

The three associated papers deal with relevant phenomena 
which have a more general interest. They are: 

**Tensile Properties of unstable Austenite and its low- 
temperature Decomposition Products"’ 
‘The Effect of Overheating on the Transformation 

Characteristics of a 4S11 Alloy Steel”’, 

‘‘A Note on the physical Properties of an Austenitic 

Weld-metal, and its structural transformations on straining"’ 


In general, a single steel of the 4Si1 type has been used 
for the plate metal, and its composition is given in the text 
of the papers. The electrodes used, the code letters to identify 
them, and their analyses (where available) are given in the 
following table : 


Electrode Code 4nalysi 
Letter 
ss Cr Ni. Mo. Mn. §S P 

Mild Steel A. 0.06 0.6 0.04 0.04 
Austenitic Steel 

(special 18/8) B 0.06 20.00 9.5 3.0 0.03 0.03 
Austenitic Steel 

(25/20) Cc 0.04 25.00 20.00 003 003 
High tensile steel D Not available 


The high tensile steel electrode was of a type giving the 
following mechanical properties in an all welded specimen : 


Yield Point. Tensile Strength. Percentage Elongation. 


* Reprinted from Brilish Institute of Welding Transactions, Vol. 7, No. 2, July 1944. 
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arms of retained austenite. 


the effects of carbide precipitation and to triaxial stresses. 


Introduction 


The considerable use of austenitic steel electrodes for 
welding air-hardening steels is due essentially to the fact that 
hardened zone cracking is, in general, not produced in 
joints made with these electrodes. This applies in particular 
to single run welds joining moderately thin plates (of, say, 
4 in. thickness), and it may be shown! that, by using a suitable 
welding test, severe cracking in the hardened zone is produced 
when using high tensile ferritic steel electrodes, whereas 
with austenitic steel electrodes of the 18/8 type cracking is 
entirely avoided. 

When multi-run welding on thicker plate (1 in. and over) 
is employed, the change in conditions leads to different 
results, and it is found that a new form of cracking occurs, 
which is located at the interface between the weld deposit 
and the plate metal*. The crack is of the cold crack variety, 
frequently taking several hours to propagate, and the surfaces 
of separation possess a peculiar ‘‘sea-shell’’ appearance. 
This occurs with electrodes of the 18/8 type and, if 25/20 
electrodes are used, it may be avoided, although in this case 
a new difficulty arises, due to the ready occurrence of hot 
cracks in these welds. 


This difficulty has been resolved’ by a ‘‘buttering’’ 
technique, consisting of the lining of the faces of the welding 
joint with a layer of 25/20 weld metal, followed by the joining 
of the faces with a multi-run deposit of 18/8 weld metal. 

The present paper describes an investigation made to 
determine the relation between the characteristics of the 
weld deposit (i.e. composition, structure, and properties) 
and the cracking phenomena described above. The problem 
of hot cracking in the 25/20 deposits has not been examined, 
however. 

The investigation has been mainly one of the microstruc- 
tures displayed in the welded joint, and since the weld-plate 
interface is of particular interest in connection with the 
absence of hardened zone cracking in the single run deposits’: * 
and with the interface cracking in the multi-run deposits, 
attention has been mainly directed to the interface structures. 
To obtain further information to supplement that given by 
the microscope, it has been necessary to perform tensile and 
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I. A Physical Examination of Welds made from Austenitic 
Steel Electrodes 


By D. HANSON, D.Se., A. H. COTTRELL, B.Se., Ph.D., K. WINTERTON, B.Sc., Ph.D. 
and P. D. CROWTHER, B.Sc. 


SYNOPSIS. 


Microscopic studies have been made of single run austenitic welds in an endeavour to explain their resistance to cracking 
Butt weld tests on multi-run 18 8 welds gave severe interface cracking, which was overcome by means of lining. These facts 
were investigated by microscopic examination and mechanical tests. 

Austenitic steel electrodes are considered to be resistant to base plate cracking because the hardened zone is toughened by 


Interface cracking is ascribed to high stresses promoted by low ductility of the 18 8 multi-run weld metal, this being due to 


Cracking was successfully avoided in some ferritic steel multi-run welds by lining the welding V with mild steel weld metal 


hardness tests, and some welding tests upon multi-run 
deposits. 

A plate metal of the following composition has been used 
throughout the investigation :— 


Mn. Si. S. P. Mo. 
0.32 O57 0.22 O016 0.016 3.38 0.65 0.26 


Plate of 4 in. and | in. thickness was used, and except 
where stated, was in the annealed condition. 

Eight-gauge austenitic steel electrodes of the special 18 pe: 
cent. Cr., 8 per cent. Ni. (B) and the 25 per cent. Cr. 20 per 
cent. Ni. (C) type were employed, using a welding current 
of 100-120 amps. at 35 volts. 


Interface Microstructures obtained with Single 


Run Welds 


Single run welds were made with the two types of austenitic 
steel electrode, and micro-specimens were taken across the 
joints for examination. A study was made of the plate-weld 
interface obtained in each case, and it was found that a broad 
classification of interface structures into two types could be 
made (a) smooth interface, and (4) irregular interface. 

In every weld, practically the whole of the interface was 
of the irregular type, and only a very small amount of the 
smooth type was found, this occurring at the top and root of 
the weld. 

The characteristics of the smooth type are : 


1. The interface retains the smooth line of the original 
plate, very little of the latter being melted away. 

2. Projections of the austenitic structure from the weld 
metal into the martensitic zone of the plate metal are 
found at the grain boundaries of the latter. 

3. The ferrite-austenite structure of the weld is preserved 
right up to the interface. This only applied to the weld 
made with the 18/8 electrode, no ferrite being found in 
the 25/20 weld structure. 

4. The grain boundaries of the austenite are continuous 
across the interface with those of the martensite. 


Fig. | shows the regularity of the interface and also 
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Fig. 1. Smooth interface obtained from a 25/20 weld, showing 
intercrystalline austenite projections. Etched in 2 per cent. HNO, 
( » 470) 


how the austenitic projections are intercrystalline in this 
case. It was taken from a weld made with the 25/20 electrode. 
in Fig. 2 is reproduced a photograph of this type of interface 
obtained with the 18/8 electrode, and this specimen has been 
more heavily etched in order to show how the ferrite-austenite 
weld structure is maintained almost up to the interface. 

The general structure of the weld given by the 18/8 electrode 
is shown in Fig. 3, and consists of darkly etched ferrite and 
lightly etched austenite. It was found by general observation 
that there is less ferrite near the interface than in the main 
part of the weld. This may be seen by comparison of Figs. 
2 and 3, though the distribution of the ferrite is subject to 
considerable variation, and the above effect is probably 
exaggerated in the photographs. No ferrite was found in the 
25/20 weld metal, which consisted solely of cored austenite 
of large grain size, as shown in Fig. 4. 

In contradistinction to these characteristics, the second 
type of interface is very irregular and possesses a wide 
transition zone. Its characteristics are : 


1, It is formed where the arc has made a crater in the plate 
metal, having melted away some of the latter. 

2. It shows a transition zone containing structures suggest- 
ing compositions intermediate between those of the 


Fig. 2. Smooth interface obtained from an 18/8 weld, showing 
ferrite-austenite weld structure at the interface. Etched in aqua 
regia ( « 1060) 


Fig. 3. Structure of 18/8 weld metal, showing ferrite in an 
austenitic matrix. Etched in aqua regia and Kalling’s reagent 
( 1060) 


weld metal proper and the plate metal. The width of 
this zone varies considerably about an average figure 
of 0.007 in. 

. The weld metal in the transition zone has a cored 
dendritic structure of austenite, in which the dendrites* 
are approximately perpendicular to the interface, and 
project into the martensite of the plate metal, producing 
numerous arms of transcrystalline austenitic material. 
The length of these arms in the martensite varies con- 
siderably about an average figure of 0.003 in. 

. A characteristic of the cored austenitic zone is that 
lightly etching martensite (which we shall call **core- 
martensite’’) is often found between the **dendrites’’. 
This effect is much more pronounced in the 18/8 welds 
than in the 25/20 type. 

. At points along the interface, pieces of the plate are 
totally or partially broken off and form flakes of 
martensitic material in the cored austenite zone. 

As in the smooth type of interface, grain boundaries 
continue from the austenite into those of the plate 
martensite. 


* Strictly speaking, the austenitic arms are not the dendrites, because, being 
ticher in alloying elements than the rest of the weld metal in the vicinity of the 
interface, they will be the last portions to solidify and will therefore be inter- 
dendritic. The term ‘dendrites’ is used here, however, as a matter of 
convenience. 


Structure of 25/20 weld metal, showing cored austenite. 
Etched in aqua regia ( - 165) 
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Fig. 5. General appearance of the irregular interface. Etched 
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Fig. 8. As Fig. 7, but showing formation of austenitic dendrites, 
Etched in 2 per cent. HNO, and aqua regia (470 


Fig. 6. Flake formation of plate metal at the interface. Etched 


Fig. 7. Structures obtained at the 
weld. Etched in 2 per cent. 
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irregular interface of an 18/8 


HNO, and aqua regia (x 470) 
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Fig. 9. Irregular interface showing transcrystalline projections 
of austenite into the plate metal. Etched in 2 per cent. HNO, 


(x 470) 


Fig. 10. Continuity of grain boundaries across the interface. 
Etched in 2 per cent. HNO, (x 470) 
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Fig. 5 shows an example of an irregular interface, taken 
from an 18/8 weld. A long flake of martensite can be seen, 
which is separated from the pJate metal by the cored austenitic 
zone. The formation of these flakes is best seen at a low 
magnification, as in Fig. 6, which shows etched martensite 
and unetched austenite. Figs. 7 and 8 show the 18/8 weld 
interface structures in greater detail, heavy etching having 
been used to reveal the structures in the austenite. In Fig. 7, 
the plate metal martensite is on the right hand side, and 
clearly defined needles can be seen in the martensite flake 
on the left. Fig. 8 shows a similar field but was photo- 
graphed after focusing on the austenitic “ dendrites,’’ which 
stand up in relief from the more heavily etched structures. 
The plate martensite is in the lower right hand corner and 
it may be seen that the austenite dendrites are continuous 
through the martensite flake, and project into the plate 
martensite for a short distance. 

By lightly etching the martensite, the austenitic arms can 
be more clearly seen. Fig. 9 is an example of an interface 
from a 25/20 weld and shows that the penetrating arms are 
transcrystalline, the austenite remaining unetched. By deeper 
etching, the grain boundaries are found to continue across 
the interface. This effect is also seen in the smooth type of 
interface and is illustrated in Fig. 10. 

Fig. 11 shows an example of an effect very common in the 
18/8 weld, i.e. the formation of a lightly etching martensitic 
structure (core-martensite) between the austenite **dendrites’’ 
in the cored zone. Only a small amount of this constituent 
could be found in the interface region of the 25/20 weld. 


Explanation of the Formation of the Interface 
Structures 


It is probable that the smooth type of interface is made by 
the contact of the molten weld metal with plate and that, in 
the irregular type, the arc plays directly on to the plate, 
causing some of it to be melted and mixed with the weld 
metal. This view is in agreement with all the observations 
made, such as (1) the small amount of smooth interface 
observed, which is only found at the edges (top and root) 
of the welding bead, (2) the crater formations in the irregular 
type and the absence of them in the smooth type, and (3) 
the wide transition zones obtained in the irregular interface, 
which are not present in the smooth type. 

The martensitic structures in the transition zone of the 
irregular interface may be explained in terms of the pro- 
gressive solution of the plate metal while it is under the 
direct action of the arc. Owing to the action of the arc 
and the great thermal gradients set up in the crater, flakes 
of plate metal are broken off. These immediately begin to 
dissolve in the weld metal and on subsequent examination 
may be seen in various stages of solution. 

Some flakes completely dissolve in nearby weld metal 
and reduce its alloy content. After freezing, the structure is 
cored, and some of the cores contain insufficient alloying 
elements to maintain an austenitic structure and break down 
to *‘core-martensite’’. 

Other fragments melt, but do not have time to dissolve 
completely, and these form martensite flakes, through which 
runs the cored structure of the interface austenite. This is 
seen in Fig. 8. The last pieces are in general only partly 
broken off (see Fig. 6) and do not become completely molten, 
so that their structure is the same as that of the plate metal 
martensite and is uncored. 

Core-martensite is only revealed by heavy etching in 
aqua regia, whilst uncored martensite flakes etch as readily 
as does the plate metal martensite. The cored martensite 
flakes possess intermediate etching properties. This is in 
agreement with the above explanation, since it is logical to 
assume that the etching characteristics of the various forms 
of martensite will depend upon their alloying element content. 

The main differences between the irregular interface struc- 
tures obtained from 18/8 and 25/20 welds respectively are : 


(1) The material between the ‘“‘dendrites’’ is largely broken 
down to core-martensite in the case of the 18/8 weld, but not 
with the higher alloyed electrode. This is probably due to 
the greater stability of the austenite in the 25/20 weld, caused 
by the higher percentage of nickel. 
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Formation of martensite in the cored interface weld 


Fig. 11. 
structure (** core-martensite **) in an 18/8 weld. Etched in aqua 
regia ( » 470) 


(2) There are less martensite flakes in the 25/20 weld than 
in the 18/8 type. 


The Nature of Plate Martensite near the 
Interface 


Near the interface, metal which has been melted will be 
divided from that which has not been melted by an imaginary 
line representing the solidus temperature. This line will lie 
in the plate martensite, approximately parallel to the interface 
and probably behind the projecting austenite arms. This view 
is supported by the following evidence :— 

1. The austenite projections into the plate metal form a 
continuation of cores in the weld. This fact implies a process 
of solidification in the region of these projections, since it is 
very unlikely that these transcrystalline arms could be 
produced by diffusion in the solid state. This is upheld by an 
experiment in which a specimen containing some of the 
smooth interface was treated for one hour at 1000° C. On 
examination it was found that no transcrystalline projections 
were produced by this treatment. 

2. By examination of unetched or lightly etched specimens, 
slag streaks could be seen, which had been produced by the 
rolling of the plate. It was observed that the slag tended to 
assume a globular form in the region of the projections, 
suggesting that some fusion had taken place. 

If the plate metal in this region has been partly liquefied 
and mixed with weld metal, then it will have a higher alloying 
element content and a lower carbon content; this change, 
as well as the presence of the interlacing austenitic arms, will 
almost certainly make the plate metal structure near the 
interface softer, more ductile and more able to accommodate 
stresses by plastic strain. In this way the stresses acting upon 
this region will be rendered much less dangerous with a 
resulting reduction in the tendency towards hardened zone 
cracking. 


Multi-run Tests with Austenitic Steel Electrodes 


For this work, a butt-weld test (Fig. 12) similar to that 
described by ROLLASON and CoTTRELL' was used. Welding 
plates-(1 in. thick, 4 in. wide and 24 in. long) were attached 
to a base plate (1 in. x 6 in. « 9in.) by heavy restraining welds. 
The base plate was thermally insulated from the welding 
plates by asbestos paper and undue heating of the base 
plate, by means of conduction through the restraining welds, 
was prevented by having it partially immersed in water. 
The order in which the welding runs were laid is shown in 
Fig. 13; as soon as any weld was made, the slag was cleaned 
off and the next weld laid, so that the interval between any 
two runs was not more than about 3 minutes. 

The first test was carried out with the 18/8 type of electrode 
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(B) and it was found that crack- 
ing developed at the interface 
as shown in Fig. 14. The crack 
surface had a shell-like appear- 
ance and was typical of the 
cracking which occurs with 
multi-run welds from this type 
of electrode. Interface cracking 
is not found with multi-run Gs 
welds made from the 25/20 type 
of electrode, but these welds 
are unfurtunately subject to hot 
cracking. A technique designed 
to overcome these difficulties 
has been published by HANSON 
and ROLLASON®, and consists of 
lining the edges of the welding 
V with a layer from the 25/20 


Parca 


‘ A 
electrode (C) and then making 
the filling welds with the 18/8 Fig. 12. Multi-run Butt Weld 
electrode (B). Hot cracking Test 


cannot then occur in the lining 

welds, since the latter are not restrained at high tem- 
peratures. The reasons for the success of this technique in 
overcoming interface cracking have been sought in the follow- 
ing tests. 

A butt-weld test was made using the above welding method, 
and a lining one run in thickness (about 4 in.) was used, the 
lined surfaces being ground flat. The filling welds were made 
as before from the 18/8 electrode. The joint was then sec- 
tioned and examined for cracking with magnetic dust and 
under the microscope. No cracks were found, a typical 
section being shown in Fig. 15. There are three possible 
explanations for the absence of interface cracking using this 
technique : 


1. The weld-plate interface is stronger in the case of the 
25/20 weld. 

2. The 25/20 weld metal is more ductile than the 18/8 
and as a result, stresses of lower magnitude are de- 
veloped with the former. This does not necessitate any 
greater strength of the 25/20 weld-plate interface. 

3. An increase in ductility is effected by means of the 
lining, because of the change in shape of the weld 
deposit. This mechanism will become apparent in the 
full treatment of this theory, given later. 


To study these explanations, a test was performed in which 
one side of the welding V was not lined. A lining thickness 
of two runs was used on the other side in order to preserve 
the usual total thickness of 25/20 weld metal. The filling 
weld was made as before with 18/8 electrodes, thus giving an 


METHOD OF LINING WELD FACES 


Fig. 13. (Top). Order in which welding runs are laid 


(Bottom). Method of lining weld faces 
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Fig. 14. Multi-run 18/8 weld 


18/8 weld-plate interface on the unlined side of the weld 


Assuming the first theory to be correct, cracking would be 
expected at this interface. In fact, no cracks were found in 
any part of the joint and the first theory cannot therefore be 
the sole explanation of the freedom from cracking in the 
lined welds. 

A test was next carried out in which both sides of the 


welding V were lined with the 18/8 weld metal. As usual! the 
filling weld was made with the 18/8 electrode. The joint was 
again completely free from cracking. This suggests that the 
second theory is incorrect and that it is the lining technique 
itself, rather than the higher ductility of the 25/20 weld metal, 
which is the important factor. (It should be noticed that the 
above tests give no information concerning the relative 
strength of the two weld-plate interfaces from the two types 
of austenitic steel electrode.) 

In the case of the weld lined with 25/20 weld metal, a 
second interface is obtained, between the lining and filling 
welds. A satisfactory joint has always been obtained here, a 
typical structure of which is shown in Fig. 16. 


Examination of the Multi-Run Weld-Plate Interface 


The appearance of the multi-run interface does not differ 
greatly from that of the single run welds, except that the 
plate metal martensite and martensite flakés become tempered 
and etch more readily. 

An examination was made for the multi-run 188 weld of 
the relation between the crack and the interface structures 
and it was found that, for the major part of tts length, the 
crack runs between the cored austenitic zone and the plate 
martensite, sometimes deviating sharply into the weld metal, 
where it follows the grain boundaries. Small cracks fre- 
quently branch from the main crack and these are also 
intercrystalline. 


Fig. 15. Multi-run 18/8 weld, lined with 25/20 weld metal 
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Interface between 18.8 and 25/20 weld metal. 
in aqua regia ( 


Etched 
250) 


Fig. 16. 


As already stated, the weld metal in the region of the 
interface is contaminated with plate metal by mixture (in 
the irregular type) and, since the latter material contains 0.3 
per cent. carbon, it 1s likely that the weld metal will also 
contain an appreciable amount. In addition to this, carbon 
will enter the weld metal immediately adjacent to the plate 
by diffusion, in particular when the metal is molten. With 
this carbon present in the weld transition regions, and with 
the heat treatment given by multi-run welding, some carbide 
precipitation would be expected in the carbon rich areas. 

Accordingly, the interfaces of the multi-run welds were 
examined for the presence of carbides, which were found 
along the weld-plate interface and on the grain boundaries 
in the austenitic transition zone. 


Recommended etching treatments for revealing carbides 
in austenitic steels are : 


1. Electrolytic etching in 
solution‘. 


2. Electrolytic etching in 10 per cent. oxalic acid solution’. 


It was found that the oxalic acid etches carbides readily, 
but that the sodium cyanide is more specific. 

Along the interfaces of the 18/8 weld, carbides were 
etched on the grain boundaries with the cyanide solution, and 
at some points were clearly resolvable. Such an example 
is Shown in Fig. 17. Carbides were also found along the 


10 per cent. sodium cyanide 


Fig. 17. Carbide precipitate in multi-run 


sodium cyanide 


18/8 weld. Etched in 
( 1500) 


Fig. 18. Carbide precipitate at interface with single run 188 
weld, treated at 875° C. Etched in sodium cyanide and 2 per cent. 
HNO, 1200 


interface in the specimen with the 25/20 lining but they pre- 
sented rather a different appearance from those shown in 
Fig. 17, and will be discussed later. 

In order to investigate the phenomena more fully, it was 
decided to study the effect of short time tempering treatments 
upon carbide precipitation in single run 18/8 and 25/20 
welds. To this end, sections from single run welds were 
heat-treated for 10 minutes (including time of heating) at 
temperatures between 550° C. and 1100° C. These specimens 
were subsequently air-cooled, polished and etched in sodium 
cyanide solution. 

The results have shown that in the single run 18/8 weld 
specimens, carbides are precipitated : 
in the §—ferrite in the temperature range 650-1100°C., 
along the interface (Fig. 18) in the range 700-1100 C., 
and 
(c) on the grain boundaries near the interface in the 

range 875-1100 C. 


Carbide precipitation with the 25/20 weld was found on the 
grain boundaries near the interface, even in the untempered 
condition, and increased with increasing tempering tem- 
perature up to 1100° C. Examples of easily resolvable 
precipitates were also more common (see Fig. 19). 


(a) 


(b) 


Fig. 19. Carbide precipitate in single run 25/20 weld, treated 
at 550° C. Etched in sodium cyanide ( = 2000) 
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Fig. 20. Ferrite precipitate in single run 25/20. weld, treated at 
875° C. Etched in sodium cyanide ( « 2000) 


The 25/20 single run weld specimen treated at 875° C. 
shows heavily outlined grain boundaries near the interface. 
At high magnification this was seen to be due to the presence 
of a second constituent, probably ferrite, on the boundaries. 
This can be clearly seen in Fig. 20. This illustration may be 
compared with Fig. 21, which was taken from the interface 
of a 25/20 weld lining in a multi-run weld. The similarity 
indicates that the heat-treatments which the specimens had 
received had developed carbide precipitation to the same 
extent. Ferrite could be detected on the grain boundaries of 
25/20 single run specimens treated in the range 875-1100° C., 
but was only pronounced for treatment at 875° C. 

It must be remembered that the carbides discussed have 
always coalesced sufficiently to become visible at high 
magnification, and that the carbides which are the most 
harmful are those which remain too small to be visible (see 
ROLLASON’*). 

General confirmation of the microscopic examination has 
been obtained by weld-decay tests. Specimens were subjected 
to a boiling solution of acidified copper sulphate, after which 
they were polished and bent slightly to develop cracks. 

Extensive cracking was found in the single run 25/20 
weld, with fine carbides present, but not in the multi-run 
25/20 weld, where they had coalesced. On the other hand, 
no cracking was found in the 18/8 weld, where no carbides 
were found, but extensive cracking occurred in the 18/8 
multi-run weld, where fine carbides were precipitated. 
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Fig. 21. Ferrite precipitate in multi-run 25/20 weld metal. Etched 
in sodium cyanide ( » 2000) 


WELDING RESEARCH SUPPLEMENT 


Hardness Tests on Austenitic Steel Welds 


Hardness examinations of single and multi-run 18/8 ang 
25/20 welds have been made, and the regions studied were 

(a) The weld metal. 

(6) The weld metal near the interface (i.e: the cored 

austenitic zone). 

(c) The hardened zone of the plate metal. 

(d) The hardened zone near the interface (i.e. within the 

transition region.) 

Vickers hardness values were obtained in all cases, but 
instead of the usual 10 kgm. load, a load of only | kem. 
had to be used to measure the hardness of (4) and (d), because 
these zones were sO narrow; in these cases the range of 
values about the mean is given. 


TABLE I 


1. Austenitic 25/20 steel weld. 


V.H.N. of V.H.N. of 


Region studied | Load (kgm) | single run multi-rur 
| specimen | specimen 
(a) Weld metal | 165(45) | 226 (415) 
Weld metal 10 | 151 207 
(b) Cored austenitic | 
zone 190 (+15) | 256 (+25) 
(c) Plate hardened | 
zone 10 536 405 
(d) Region (c) near | 
interface | 446 (+15) | 287 (425) 


2. Austenitic 18/8 steel weld. 


V.H.N. of | V.HLN. of 


Region studied Load (kgm) | single run | multi-run 
| specimen specimen 
(a) Weld metal 234 (410) | 237 (425) 
Weld metal | 10 218 257 
(b) Cored austenitic 
zone } 1 | 343 €415) | 280(+30) 
(c) Plate hardened | 
zone | 10 554 | 366 
(d) Region (c) near | 
414 (425) | 325 (+30) 


interface | l 


The results are given in Table I. They were found to con- 
firm several conclusions of the microscopic investigations. 
Generally, the cored austenitic zone is 30-40 V.H.N. harder 
than the weld metal, doubtless owing to the composition change 
in this region. The 18/8 single run weld, however, shows an 
exceptionally great difference, which is not present in the 
multi-run weld and is due to the presence of core-martensite. 

The effect of multi-run welding is to increase the hardness 
of all austenitic zones, except the cored austenitic zone of the 
18/8 weld. This exception is due to the tempering of the core 
martensite. 

In all cases, the plate metal martensite becomes softer 
nearer the interface, confirming the suggestion put forward 
earlier, that some retained austenite is present in this region, 
which softens and toughens the structure. 

The effect of tempering by multi-run welding is to reduce 
the plate metal martensite hardness considerably. When 
using the lining technique, a plate metal martensite zone i 
formed and tempered by the lining welds, which do. not 
produce any transverse stress. Only the filling welds will set 
up this stress and, if the lining is made of a suitable thickness. 


-the danger of a high transverse stress acting on untempered 


martensite is avoided. 


The Effect of Heat Treatment on the Tensile 
Properties of Austenitic Steel Welds 


The following tensile tests have been made principally to 
determine the effect, if any, of the presence of carbides 
precipitated near the interface of heat-treated austenitic 
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Fig. 22. Position of Tensile Specimens 


stee| welds on their mechanical properties. Single run 
butt-welds on 4 in. plate were made with 18/8 and 25/20 
electrodes and tensile specimens were taken at right angles 
to the weld, as shown in Fig. 22. 

Specimens were given short time heat treatments at 
temperatures between room temperature and 1100° C. in a 
small electric furnace, using a nitrogen atmosphere. The hot 
junction of a thermocouple was bound in contact with the 
centre of the specimen to measure the temperature of the 
weld metal. 

4 heat treatment of 10 minutes was given, allowing the 
specimen an extra 14 minutes to get to temperature. The 
ultimate tensile strength and elastic limit were then deter- 
mined in a Hounsfield tensometer. Elongations were cal- 
culated using the narrowest part of the weld as the gauge 
length (AB in Fig. 22), this being about 0.2-0.3 in. 

Values obtained for tensile strength and elastic limit 
are given in Table 2. It will be observed that heat treatment 
has little effect on these properties for the 25/20 weld. 

With the 18/8 weld, however, irregularities occur in the 
temperature range in which carbides are precipitated, the 
general effect being an increase in strength and lowering of 
the elastic limit. 

Heat-treatment had little effect on the ductility of the 
25/20 weld, which remained at a high value of about 
70 per cent. but, as can be seen in Fig. 23, there is a striking 
effect with the 18/8 weld. In the range 750-975°C., 
elongation was reduced from about 40 per cent. to values 
of 4-10 per cent. In view of this, the true breaking strength 
(maximum load) 

final area 
against tempering temperature in Fig. 23. In the range 
650-975° C., the true breaking strength is relatively low, 
fracture occurring at the interface. With treatment outside 


was found in each case and is plotted 


TABLE 2 


Heat treatm temp. 


1. Austenitic (25/20) steel weld. 


Elastic limit 


Tensile strength 


tons/sq. in. tons/sq. in. 
0 20.2 37.3 
300 20.5 39.1 
650 20.1 39.0 
750 21.9 39.9 
875 19.6 39.1 
975 16.2 37.9 
1100 18.6 39.3 
2. Austenitic (18/8) steel weld. 
0 27.2 47.7 
300 29.5 51.5 
650 29.4 50.2 
700 25.9 53.7 
800 28.2 68.5 
850 21.6 68.5 
900 19.1 59.3 
925 16.9 61.4 
950 17.1 58.2 
975 18.7 68.2 
1100 20.8 59.3 
Heat Treating 
Specimen | temperature °C. V.H.N. (10 kgm. 2/3 obj.) 
18/8 20 473 
18/8 750 483 
18/8 875 514 
18/8 950 499 
25/20 20 325 
25/20 750 387 


this range, the weld metal is ductile and necks down con- 
siderably, fracture occurring in the weld because of its 


reduced cross-section. 
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Fig. 23. 
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Boo 


Brittle range in 18/8 weld metal 


ELONGATION—°,, 


The appearance of the 
anomalous behaviour in the 
range 650-975° C., which is the 
range for carbide precipitation 
in the 18/8 weld metal, suggests 
that carbide precipitation is 
responsible for these effects. 
Similar behaviour is not ob- 
served in the 25/20 weld, where 
carbide precipitation occurs 
before heat treatment. All 
the 25/20 specimens showed a 
high ductility and all fractured 
in the weld remote from the 
interface. 

An extension of this work’ 
has shown that increased 
tensile strength in 18/8 welds 
persists for tensile testing 
temperatures up to 150° C,, 
and decreased elongation up 
to 500° C, 

The hardness of the 18/8 
weld metal near the fracture 
was determined for several 
specimens and the results ob- 
tained are shown in Table 2. 

The relation between these 
high hardness values and the 
breakdown of the lattice, for 
the 18/8 welds, has been exam- 
ined by WINTERTON’. 
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Fig. 24. Intercrystalline cracking in multi-run 18/8 weld. Etched 
in oxalic acid ( « 800) 


In conclusion, the tests have demonstrated that where 
carbide precipitation has occurred in an unstable austenitic 
structure, a considerable loss of ductility is produced. In 
18/8 welds, this results in the fracture being located at the 
interface. It should be remembered that the electrode com- 
position is hardly a guide to the stability of the austenite, 
because of the dilution of the weld with plate metal. 


Causes of Cracking in 18/8 Multi-run Welds 


As previously stated, when a multi-run 18/8 weld is made 
in a restrained butt-weld test, cracking is produced at the 
interface between the weld metal and the plate metal. Micro- 
scopic evidence showed that the main crack followed the 
line of carbides precipitated along the interface and, where 
it deviated into the weld metal, its path was along grain 
boundaries containing carbides. In addition, subsidiary 
cracks, branching from the main crack, also followed an inter- 
crystalline path. An example is shown in Fig. 24, in which 
one of the subsidiary cracks is seen to be continuous with a 
grain boundary. The boundaries were blackened by heavy 
etching, indicating the presence of unresolved carbides, which 
produce intercrystalline weakness. Confirmation of the pre- 
sence of fine carbides was obtained from the weld-decay tests. 

It is apparent that cracking is connected with the presence 
of carbides near the interface. However, it is certain that this 
is not the only factor contributing to the formation of cracks, 
since :— 


1. heat-treatment producing carbide precipitation causes 
no decrease in tensile strength, which remains of a high 
order (see Table 2 and Fig. 23) and 


2. no cracking was produced in the following tests, despite 
the fact that the same conditions for the precipitation 
of interface carbides exist as for the 18/8 multi-run 
weld :— 

(a) A multi-run 18/8 weld, using an 18/8 weld lining, 


(6) A multi-run 18/8 weld, of which one side only was 
lined with 25/20 weld metal. 


The effect of carbide precipitation is to render the 18/8 
multi-run weld interface rather weaker than the rest of the 
weld, and this is probably the cause of the location of the 
crack at the interface. 

The joint has been shown to be strong (even at 100° C. 
the strength is nearly 50 tons/sq. in.?) and yet has fractured, 
so that it must have been subjected to a high stress. As this 
stress arises from the thermal contraction of weld and 
plates, a fairly small capacity for plastic deformation should 
enable an accommodation of the shrinkage strains, sufficient 
to avoid fracturing, to be made. Normally, one would expect 
the ductile 18/8 weld metal to achieve this, but treatment in 
the range 750-975° C. leads to a low ductility of 4-10 per cent. 
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From a consideration of the microstructure, one may e 


that the multi-run welds receive some treatment in this a 
In the tensile tests, it was found that the 18/8 weld eta) 
always attained a high hardness, associated with cold worked 
austenite of this composition, even when the percentage 
elongation was very low. This is shown by the fol| ving 
figures :— 
Condition of specimen | V.HLN 
Before heat-treatment 265 
After 10 mins. at 950°C. 238 
After testing (4.5°% elong.) .. “ we | 499 
Un-heat-treated specimen after testing (21°, | 


Hardness determinations on the multi-run 18/8 weld show 
that, although fracture had occurred, the hardness had not 
increased, even in the root weld where the greatest straining 
would be expected. Since the stresses in the weld will build 
up to some extent in the range 500-100  C., it was expected 
that extension before fracture would be accompanied by an 
increase in hardness. (It has been shown by WINTERTON’ 
that extension to fracture, even at 500° C., causes an increase 
in hardness to 350 V.H.N. in single run specimens.) 

The hardness of the fractured 18/8 multi-run weld, how- 
ever, is Only about 250 V.H.N. and it is clear therefore that 
the usual plastic strain has not taken place before fracture. 

It is believed that the explanation of this effect lies in the 
nature of the combined stresses acting in the weld meta! 
It is well known that under certain conditions of triaxial 
stressing, plastic flow may be partially or totally inhibited, 
even in ductile metals, and KINZEL* has pointed out that such 
conditions may arise in welded joints. 

Stresses arising in a cooling weld, restrained in the butt 
weld test, are set up by the following means :— 


1. The principal transverse stress, set up by thermal 
contraction. 

. Temperature gradient stresses due to the welding pro- 
cess and analysed by BouLTON and LANCE-MArTIN’®. 
These two stresses occur in all welds, but in the cases of 

austenitic steel welds and air-hardening steel plate, two 

other stress producing factors occur :— 

3. Stresses are produced by the differential contraction of 
the austenitic steel weld and the adjacent martensitic 
plate metal. 

4. A further stress is caused by the ¥ —> & expansion in the 
plate metal adjacent to the weld, which (like stress 3 
stresses the weld metal in tension along the interface. 


At the narrowest part of the weld (i.e. the root) it is probable 
that the system of tri-axial tension stresses, produced from 
the above causes, would inhibit the plastic flow. From 
these considerations, it is suggested that cracking in restrained 
multi-run 18/8 welds is caused by lack of plastic flow in the 
welds, this being due to :— 

1. the effects of heat-treatment in the carbide precipitation 

range of temperature, and 

2. the existence of substantial tri-axial tension stresses 

in the weld. 


As a result of this lack of plasticity, high stresses are built 
up in the cooling weld and the latter is forced to fracture. 
It is evident that these effects will be most pronounced in 
the root weld, since it is in contact with plate metal on 
both sides and will therefore be extensively contaminated 
with carbon; also, because of the narrow width of the root 


‘weld, stresses formed at the interface will be a maximum in 


the multi-run weld in this region. Furthermore, for a given 
transverse strain in the weld, the percentage elongation is a 
maximum in the root, which will thus be the first part of the 
weld to reach its limit of plastic extension. 

When a welding V, lined with weld metal similar to the 
filling welds, is used the root becomes, in effect, the width 
of three welding runs. It is apparent, therefore that the 
ductility will not be so extensively reduced in the central 
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root weld, as in the case of the unlined welds; the increased 
distance between the weld-plate interfaces will allow a greater 
decay of stresses (3) and (4) from the interfaces to the centre 
of the weld than in the unlined weld. Thus the triaxial 
tension stresses will be less severe. 


Conclusions 


|. The interface obtained with single run austenitic steel 
welds has been shown to exhibit two forms : 

(a) Smooth type, at the top and root of the weld, probably 
formed by the contact of molten weld metal with the 
plate. 

(+) Irregular type, possessing a wide transition zone, prob- 
_ably formed by the direct action of the arc on the plate. 

2. In the irregular type of interface, penetrating trans- 
crystalline arms of austenite are found in the hardened zone 
and are continuous with the cores of the adjacent weld metal. 

3. An explanation is offered for the formation of various 
types of martensite in the weld metal, in terms of the pro- 
gressive solution of fragments of plate metal broken off by 
the action of the arc. 

4. Severe interface cracking, found in multi-run butt- 
weld tests using special 18/8 electrodes, was overcome by 
lining the surfaces of the welding V with either 18/8 or 
25/20 weld metal. 

5. Microscopic examination of the interface in multi-run 
welds shows it to be similar, in general, to that obtained in 
single run tests, and that the interface crack occurred in 
regions of carbide precipitation. 

6. Short-time tempering experiments on single run 18/8 
specimens showed carbide precipitation near the interface 
after treatment in the range 650-1000° C. Precipitation and 
coagulation were more rapid in the 25/20 weld specimens. 
These results were correlated with those obtained from the 
acidified copper-sulphate weld decay test. 

7. Tensile tests on specimens containing 18/8 and 25/20 
welds, which had been given short time tempering treatments, 
showed a considerable loss of ductility in the 18/8 specimens 
after treatment in the 650-1000° C. range. This was not 
observed in the 25/20 specimens. 

8. It is believed that the 18/8 multi-run weld is rendered 
brittle by the precipitation of carbides and by the action of 
triaxial stresses, causing the development of high stresses in 
the weld region. The weld fractures along the interface, 
which has been shown to be the weakest part of the joint 
when carbide precipitation is present. 


References 


' and A. H. Cotrrett: Trans. Inst. Welding, 1941, Jan. 
PP. 

D. Hanson and E. C. RoLtason: The Weldability of High Alloy High 

Tensile Structural Steels.” 1941. Welding. —T.3.). 

F. Rapatz and W. HuMMITSCH . Archiv fur das Etsenhuttenwesen, 1935, p. 555. 

W. B. Arness. Trans Am. Soc. Metals, 1936, p. 701. 

G. A. ELLIncer. Trans. Am. Soc. Metals, 1936, p. 26. 

E. C. ROLLason. 7. Jron and Steel Inst., 1933 (1) p. 391. 

K. WINTERTON. In course of publication. 

A. B. Kinzer: 7. Am. Welding Soc. 1936, Oct., pp. 76-78. 


N. S. BouLton and H. E. Lance-Martin: Inst. Mech. Eng. Proc. 1936, 
pp. 296-339, 


APPENDIX TO PART 1 


The Development of Multi-run Ferritic Steel 
Welds 


The disadvantage of joining air-hardening steel plates by a 
weld laid directly on the plate metal is that an overheated 
zone is produced in the plate near the interface which 
transforms into brittle, coarse-grained martensite. Cracking 
occurs in this region by the action of the shrinkage stresses, 
almost invariably if high tensile electrodes are used and 
frequently With mild steel electrodes. This might be over- 
come by lining the edges of the plate with a non-hardening 
material, which would be thick enough to prevent the plate 
metal from overheating when the filling weld is ma@e. Under 


‘ig. 25. 


Cracks in ferritic filling welds when using a 25/20 weld 
lining 


lining, and so a sound joint, free from undue brittleness, 
could be obtained. 

With this in mind, a few tests have been made to investigate 
the possibilities of multi-run welds made : 

(a) with austenitic steel lining and ferritic steel filling welds ; 

(b) with both lining and filling welds of ferritic steel. 

The technique and materials used in these tests are the 
same as those described previously for the multi-run austenitic 
welding tests. 


) Austenitic steel lining. 

Fig. 25 shows the welded joint obtained with a lining of 
25/20 weld metal and filling welds from high tensile steel 
electrodes (D), and it is seen that numerous cracks are formed 
in the ferritic weld metal. This is typical of the results ob- 
tained with this technique. Variations of it, such as using an 
18/8 root filling weld or using mild steel filling welds (A), 
gave substantially the same results. 

Investigation of the structure of the weld deposit showed 
that martensite formation had occurred in the ferritic welds, 
martensitic regions being located particularly in the root 
weld (when a ferritic steel root weld was used) and along 
the whole of the austenitic lining-ferritic filling interface 
Some idea of the effects may be obtained from Fig. 26, 
which shows the hardness values (V.P.N.) obtained at points 
in the filling welds. It can be seen that at all points in the 
mild steel filling weld the hardness is considerable and 
particularly so in the root weld. The same weld metal, 
when laid on unlined plate, has an average hardness of 
only 190 V.P.N. 

This evidence shows that the ferritic weld metal is con- 
taminated by the highly alloyed lining and that the pick-up 
of alloying elements is sufficient to give it air-hardening 
properties. For this reason it was decided that any weld 
made by laying ferritic steel upon austenitic steel would be 
unsatisfactory and so this technique was abandoned. 


(b) Ferritic Steel Lining. 
Much more promising results have been obtained by 
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suitable conditions, the heat from the subsequent filling weld Fig. 26. Hardness values on a mild steel weld with a lining of 
could be made to temper the martensite zone formed during Austenitic steel 
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using a mild steel lining, however. Repeated tests were per- 
formed, using either mild steel or high tensile steel filling 
welds in conjunction with a mild steel lining, and | in. thick 
plate in both the annealed and hardened conditions, and 
successful, crack-free joints have been obtained. When the 
filling welds were laid in rapid succession, so that cooling 
stresses were not formed in the system until the whole weld 


was completed, successful joints were obtained in all the tests 
It was found that if the joint was allowed to coo! dow, 
between each filling weld (a 2-hour interval was given) ther 
some fine cracks were developed in the filling welds. 
However, the success obtained under the former conditions 
‘is sufficient to warrant further investigation of the technique 
in order to examine more fully its possibilities. 


ll. A Note on the Initiation of Hardened Zone Cracks 
By A. H. COTTRELL, B.Se., Ph.D. 


When single-run butt-welds are made with high tensile 
electrodes on air hardening steels under conditions of severe 
restraint, serious failure by cracking occurs in the hardened 
zone, produced adjacent to the weld, in the base plates. By 
taking’ extensometer measurements across the weld region 
in a butt-weld test, ROLLASON and CoTTRELL (Trans. Inst. 
Weld., 1941, Vol. 4, No. 1, p. 9) have shown that major 
cracking in the hardened zone occurs at temperatures below 
100° C.; for example, when using a Ni-Cr-Mo (C. 0.32, 
Mn. 0.57, Si. 0.22, S. 0.016, P. 0.016, Ni. 3.38, Cr. 0.65, 
Mo. 0.26) steel plate of 4 in. thickness, in the annealed condi- 
tion, the temperature of cracking was below 50° C. It was 
also shown that major cracking was preceded by the formation 
of a number of small cracks and it was proposed that major 
cracking is merely the linking up of these cracks into a com- 
plete fracture by the action of the transverse tensile stress in 
the joint. 

Before a satisfactory theory of cracking can be advanced, 
it is important to know approximately at what temperature 
these small cracks are formed, since (a) their presence is, 
in all probability, essential to the formation of major cracks, 
and (5) the temperature of formation should provide a clue 
to the mode of formation. The present paper records a few 
experiments performed to determine the temperature range 
of the formation of the small cracks; the steel used was 
the same as that used previously, its composition is given 
above, and it was employed in the form of annealed plate of 
4 in. thickness. The welds were made with single run deposits 
from high tensile electrodes (electrode D), using a current of 
90-100 amps and a voltage of 30 volts. Two complementary 
methods of investigation have been used. 


1. A Method Involving the Release of Restraint 
at a Definite Temperature 


In these experiments, the butt-weld test described by 
ROLLASON and COTTRELL was used, without fitting their 
extensometer on the test specimen. The principle employed 
was to perform a welding test and then to release the restraint 
imposed by the restrainmg welds at some temperature higher 
than that predicted for the development of the major crack. 
Obviously then, if no small cracks are found in the hardened 
zone subsequent to this treatment, they must form at some 
temperature lower than that at which the restraint was 
released. 

After welding up the test plates, the whole assembly was 
set up in a mechanical saw and the temperature of the hard- 
ened zone was observed by means of a thermocouple mounted 
in this region of the welding plate. When the temperature 
had fallen to a predetermined level, a saw cut was made 
through the welded plate, parallel to the test weld and some 
distance from it, in order to release the transverse stress 
imposed by the restraining welds. The saw cut took about 
5 minutes to ‘perform and, by suitably adjusting the distance 
of the saw from the weld (about | inch), it was found possible 
to prevent the temperature of the hardened zone from falling 
unduly during cutting, by means of the heat received from 
the cutting operation. 

The restraint having been released, the weld was allowed to 
cool freely to room temperature, after which sections from the 
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joint were taken for examination of the hardened zone. Six 
sections were taken from each test weld and, after metallo- 
graphic preparation, were examined for the presence of 
cracks, this being carried out by means of magnetic dust and 
by microscopic examination at a high magnification ( « 1000). 

Two tests were performed in this manner, the temperatures 
of release of restraint being 


Start of cutting End of cutting 


90°C. 


No cracks were found in any of the specimens takeri from 
these tests, which is a clear indication that, under the weld- 
ing conditions described, no observable cracks are formed in 
the hardened zone above temperatures of 90-100° C. 


2. A Study of Cracking Phenomena by Means 
of Magnetic Flux Changes 


While the above experiments have been successful in 
showing that cracking does not occur above temperatures of 
about 100° C., a magnetic method has been used to carry the 
investigation into the temperature range at which major 
cracking is formed. ROLLASON and CorttTre.t found in their 
extensometer tests a peculiar feature of major cracking, which 
was that ‘*immediately prior to the crack, the curve shows a 
slight deflection and begins to fall, suggesting that the plates 
are beginning to move apart before the crack actually takes 
place’’. They believe that this effect is due to the formation 
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Fig. 1. Specimen used for Magnetic Cracking Tests. 
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of small cracks preceding 
the major crack and, if their 
view is correct, it is evident 


that the whole process of 
cracking is confined to the 


40 


temperature range of the 
major crack. 


The extensometer method 
is however Open to possible 
objection, on the grounds 


that it is only capable of 


measuring movements of 
the whole weld region and 
that local disturbances, such 


ae 


as would accompany the 
formation of small cracks, 
may not be recorded. To 
overcome this objection, a 


+0 


magnetic method was de- 
vised which involves the 
measurement of the mag- 


FLUXMETER READINGS 


netic flux linking a circuit 
containing the welded joint. 
This method should give a 
sensitive indication of the 


EXTENSION (INCHES) AND TEMPERATURE 


formation of small cracks, o a + 
since any change in the 
effective cross-sectional area 
of the hardened zone (nor- 
mal to the magnetic field), 
such as the formation of cavities due to local cracking, will 
have a profound effect on the flux in the circuit. 

The apparatus used was the same as that described by. 
COTTRELL, WINTERTON and CROWTHER (Trans. Inst. Weld. 
1941, Vol. 4, No. 1, p. 17) for determining the transformation 
temperature in the heat affected zone of the welded joint, 
and consisted essentially of a large electro-magnet, with the 
welding test assembly connected across the poles and a 
search coil connected to a fluxmeter to determine the flux 
linking the circuit. 

The connection of the test assembly was arranged so that 
the welding V was normal to the lines of force linking the 
circuit through the test plates. A search coil of 1000 turns 
and an energising potential of 6 volts for the magnetizing 
coils were used to give the sensitivity necessary to determine 
satisfactorily the changes effected by the small cracks. 

The principle of the butt-weld test employed by ROLLASON 
and COTTRELL was used in these experiments, although the 
actual form of the test specimen was modified slightly. The 


Fig. 3. Indication 


TIME IN MINUTES 


of cracking by magnetic flux and extensometer curves 


modification arranged that the standard welding, cooling 
and restraining conditions were preserved, whilst avoiding a 
large flux linkage through the ferromagnetic base plate, which 
would otherwise have given during the whole of the experi- 
ment a closed magnetic circuit and greatly reduced the 
sensitivity. 

The type of specimen used is shown in Fig. 1. The base 
plate was constructed from two parts joined together by a 
central section (welded) of austenitic steel, the object of this 
being to interrupt the flux linkage in the base plate by a 
**gap’’ of non-magnetic material, whilst preserving the same 
rigidity as in the normal test. The base plate was also ex- 
tended slightly in order to allow it conveniently to be bolted 
to the brackets of the electromagnet. The welding procedure 
was carried out by laying a single run of high tensile (electrode 
D) weld metal, the temperature at the back of the weld being 
measured by a thermocouple inserted in the position shown 
in Fig. 1. Flux observations could not be taken until the joint 
had cooled to 200° C., this being due to the fact that the 

austenite-martensite change produced flux 


changes much too great to be accom- 
modated by the fluxmeter when using the 
1000 turn coil. 


| 
| 


zo Several tests were carried out in this 
manner and results similar to those given 
by the extensometer method were obtained. 
Fig. 2 is an example of the type of curve 


obtained and shows the variation of flux 
and temperature with time, zero on the 
time scale representing the moment when 


200 


the weld temperature had cooled to 200°C. 
The flux increases at first, owing to the 
last stages of the martensite transforma- 
tion, and at 3 minutes becomes fairly steady 


TEMPERATURE—°C 


until 10 minutes is reached, at which time 
the cracking of the hardened zone is 
registered. The flux curve is not perfectly 


100 


FLUXMETER READINGS 


steady duting the period 3-10 minutes, 
which is due, not to any phenomena 


50 


—— occurring in the weld region, but to an 


imperfect correction of the fluxmeter 


needle *‘creep’’ during this period. With 
the sensitive high resistance circuit used 
to detect the flux changes, perfect correc- 


TIME IN MINUTES 


Fig. 2. Indication of cracking by magnetic flux change 
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tion for the needle creep was very difficult. 

The formation of the crack is interesting 
and the curve showed that it occurred 
in two stages, the first being a fairly slow 
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propagation, followed shortly by a rapid, almost instantan- 
eous, extension into a major crack. This behaviour is exactly 
the same as that recorded by ROLLASON and COTTRELL 
in some of their experiments, and referred to by them 
as a ‘“‘double crack’’. To confirm this parallelism in 
the behaviour, a test was performed in which both the 
extensometer and the magnetic methods were used simul- 
taneously during the same test, and the resulting curves are 
shown in Fig. 3. The agreement between the two methods in 
recording the cracking process is quite striking, and affords 
good confirmation of the earlier results regarding the incep- 
tion and formation of cracks. It is also interesting to notice 


that the fluxmeter needle creep is virtually absent fro, 


the 

curve, because the needle lies very close to the null pos tion, 
These results suggest that no cracking occurs until the lage 
of major cracking is reached and that, once the small ; icks 


are formed, complete failure by major cracking follows almost 
immediateiy afterwards. Having regard also to the fac; 
that specimens freed from restraint in the 100° C. rano 
temperature are also free from any observable cracks, | js 
therefore possible to say with some confidence that the whole 
process of cracking, from the initial cracks of microscopic 
size to the final major crack, is confined to a low temperature 
range which is below 100° C. 


of 


iif. A Quantitative Study of the Stress Cycle across Butt-Welds 


By K. WINTERTON, B.Sc., Ph.D. and J. A. WHEELER, B.Sc. 


SYNOPSIS. 


A rectangular frame has been designed, within which two welding plates can be rigidly restrained. The transverse stress 
set up when these plates are welded together has been continuously measured, during and after welding, by means of a 
mechanical extensometer (with optical lever) mounted on one of the plates perpendicular to the direction of welding. 


The effect of several welding conditions has been investigated by this means. 
most important factor leading to an increase in the developed transverse stress. 


Increase of plate thickness is found to be the 


The magnitude of the transverse stress under which hardened zone failure occurs in the plate metal is found to be 


surprisingly low for all welding conditions. 


1. Introduction 


Stresses develop in a weld when the dimensional changes 
consequent upon cooling are unable to take place freely. 
The most important dimensional changes are :— 


1, Thermal contraction in three dimensions of the plates 
and weld. 


2. Dimensional changes accompanying phase changes; 
the expansion associated with the transformation of 
austenite to martensite is of particular importance. 

The stresses caused by the restraint of these dimensional 

changes are of two types. 

Residual Stresses are the result of permanent relative 
expansion by transformation or by plastic deformation at 
high temperatures of adjacent sections of the weld and 
plates. They occur in all three dimensions with both free 
and restrained plates, and may be regarded as being due 
to restraint of the movement of one part of the plates or weld 
by other parts. The most notable example of this type of 
stress is the longitudinal residual stress discussed, for the 
case of edge-welded free plate, by BOULTON and LANCE- 
MARTIN’. 

Reaction Stresses result from external restraint of free 
movement of the plates. For example, a tensile stress will 
develop across a butt-weld during cooling, if the normal 
thermal contraction is prevented by external transverse 
restraint from taking place. 

Many investigations have been carried out in order to 
determine the magnitude of the stresses developed by the 
butt-welding of both free and restrained plates, the methods 
employed including the measurement of dimensional changes 
occurring on sectioning the cold plates, the Mathar method 
and various extensometer studies of dimensional changes 
during the thermal cycle. Of these methods, both subdivision, 
which was employed by Mies* and LANCE-MARTIN®, and the 
Mathar method, used by BOLLENRATH*, suffer from the 
disadvantage that they allow measurement of the final 
stresses only and cannot be adapted to enable the way in 
which the stresses develop to be studied. Extensometer studies 
have been made by VON RogessLer*, BieERETT and GRUNING', 
and others. The method is direct and simple, but necessitates 
care in application, since if plastic strain of the gauge-length 
of plate occurs, results obtained by the application of elastic 
theory will be entirely erroneous. 

There is general agreement amongst most workers that the 
maximum residual longitudinal stress in restrained butt- 
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welds is of the order of 10 tons/sq.in., but there is less agree- 
ment concerning transverse reaction stress; this has generally 
been reported as about 10 tons/sq. in., but figures as high as 
45 tons/sq. in. have also been obtained. 

From the point of view of cracking problems in welding, 
which are only serious in the case of alloy steel plates, all the 
investigations suffer from the disadvantage that, except in 
one case, only mild steel plates have been used, and the 
stresses measured have not been cracking stresses. A similar 
objection concerns the use of thin plates only. Also, with 
the exception of Bierett and Gruning, no attempt has been 
made to study the development of stresses, final values only 
being obtained. 

The present work having been undertaken in connection 
with the problem of hardened zone cracking in the welding 
of high alloy steel plates, it was decided to extend the scope 
of previous investigations, to include a complete determina- 
tion of the cycle of transverse reaction stress in butt-welds, 
covering the rise of stress during cooling and its relief by 
cracking. It will be readily appreciated that the transverse 
reaction stress is of considerably greater importance in 
relation to this problem than other stresses, as it is only when 
this stress is present (i.e. when the plates are restrained), 
that serious cracking difficulties are encountered. 


2. Design of Welding Test 


As the welding tests which have previously been used are 
all, to a certain extent, open to objection from the point of 
view of the programme outlined above, it was decided to 
employ a new system of restraint, based on the anchoring of 
the test plates to two parallel inner edges of a rigid _rect- 
angular frame, thus favouring the development of a simple, 
uniform, transverse tensile stress. Variations of the latter 
would be followed by a mechanical extensometer operating 
over a short gauge-length on one of the plates. 

In this form of test, the extensometer would record exten- 
sion of the plate due not only to the stress developed, but 
also to thermal expansion caused by conduction of heat 
from the weld. It was therefore decided to minimise the 
error in stress measurement arising from this effect, by mount- 
ing the extensometer on a section of the plate protected from 
heat absorption by water-cooling the plate between it and 
the weld. By this means it was hoped to reduce the therma! 
expansion of the gauge-length to such an extent as to necess! 


tate only slight compensatory correction of the stress measure- 
ments. 
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Theoretical Transverse Reaction Stresses ex pected 
in Butt-Welds 


According to VON ROESSLER, no appreciable build-up of 
transverse reaction stress will occur until the weld tem- 
perature has dropped to about 600° C. The thermal gradient 
in 4 in. thick plate transversely from the weld when the weld 
temperature has fallen to 600° C. is.shown by curve A, 
Fig. 1, this being plotted from results obtained by CoTTRELL’. 

Considering a butt-weld between two equal welding plates 
of a given total length 2L, the area under this curve will 
represent the total thermal contraction undergone on cooling 
to 0° C. if the plates were free. This area is plotted as a func- 
tion of L in curve B, Fig. 1. The maximum transverse reaction 
stress developed when the plates are restrained will be 
proportional to this area, and also inversely proportional to 
their total length. The latter relation is shown by the inverse 
curve C in Fig. 1. The resultant way in which transverse 
reaction stress depends on plate length will clearly be re- 
presented by the product of curves B and C in Fig. 1; this is 
shown by curve A in Fig. 2, where the constituent curves are 
replotted at B and C. 

Under the proposed new test conditions, however, it is 
necessary to modify the above curves to allow for the inclu- 
sion of a length of cold plate sufficient to carry the extenso- 
meter and the water-bath. This section of the plate will 
not contribute to the development of stress, but will undergo 
elastic extension. 

It will be seen therefore that curve B, Fig. 2, must be 
moved along the plate-length axis a distance corresponding 
to the length of cold plate required for the fittings. This 
length was estimated as 4 in. for a | in. gauge length extenso- 
meter, or 5 in. for a 2 in. gauge length extensometer. Curve 
C, Fig. 2, remains unchanged, however. 

The curves showing the relation of stress developed to total 
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STRESS DEVELOPED IN PLATE (Tons/sq.in.) 


plate length for these two cases are given in Fig. 3 by curves 
A, and A,, derived from curves B;and C, and curves B, and C 
respectively. Each of these new curves will be seen to exhibit 
a maximum, indicating a most favourable plate length for 
stress production, the maxima being at plate lengths of 7 in. 
and 8 in. respectively. 

To study cracking, severe restraint was required, but as 
the reduction in the value of the maximum stress developed 
on increasing the plate length from 7 in. to 8 in. is only 
slight, while the sensitivity of the extensometer will be 
doubled by increasing its gauge length from | in. to 2 in., 
it was decided to use the latter value. 

The selected plate lengths were therefore 64 in. and 14 in. 
respectively, giving approximately 14 in. of heated plate on 
each side of the welding V. 


3. The Apparatus 


It is now possible to describe in more detail the arrangement 
for the production and measurement of transverse reaction 
stress. The whole assembly is shown in diagram form in 
Fig. 4 and has also been photographed, Fig. 5. 
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Fig. 3 


(a) The restraining frame and fittings. 

Fig. 4 shows that the restraining frame consists of two 
14 in. lengths of 6 in. and 5 in. I-section rolled steel joist, 
A and B, and two 4 in. dia. round mild steel side members, 
C, securely bolted together. The areas of contact between the 
beams and round bars have been milled in order to provide 
flat parallel surfaces. The dimensions of the members of the 
frame were so chosen as to ensure their undergoing elastic 
deformation only under a transverse load of 100 tons. 

The test plates, E (14 in. long) and F (64 in. long) are 
fixed centrally to the flanges of the beams A and B respec- 
tively, by means of large multi-run mild steel restraining welds, 
G. Plate F carries a detachable water-bath, J, so situated 
as to leave 14 in. of heated plate, measured from the inner 
wall of the water-bath to the welding V, as previously decided. 
The extensometer, H, the construction of which will be 
discussed later, is also mounted on plate F, being seated in 
pop-marks beyond the water-bath and held in position by 
an adjustable spring clamp. The instrument is mounted 
centrally, perpendicular to the welding direction, the nearer 
pin being 34 in. from the face of the welding V. 

Heat is prevented from reaching the side members C by 
conduction from the short test plate E through the 
beam A, by means of a second water-bath, P. This is per- 
manently attached to the beam A, its two compartments being 
connected by means of a hole, Q, drilled through the web 
of the I-beam. 

Asbestos screens, which have, for the purpose of clarity, 
been omitted from the diagram, are used to protect the side 
members from direct heat absorption from the weld. 

The shape of the Welding V is shown in greater detail in 
Fig. 6. This design was adopted in order to favour the develop- 
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of 1/12 in. shown in Fig, 6 js th. 


B that has been used in all tests, a 
= 4 (b) The Extensometer. 
Details of the construction the 


extensometer are shown in Fig. 7 
Fig. 8 is from a photograph th 
instrument. 

The expansion of the gauge length 
of plate over which the extensome; 
works is transmitted to two hardened 
steel pins, A and B, sharpened to 
points and seated in pop-marks spa; 
ning a 2 in. gauge length of plate. Th 
pins convey the movement to invar 
arms, C, D and F. Pins E, secured 
rigidly to D, pass through C by means 
of a milled slot allowing a sp 


ill 
clearance. Three % in. dia. rollers 


jaa! 


allow C to slide freely relative to D and 
F. The invar arms and rollers are 
pressed together by means of springs G. 


It can be seen that expansion or con- 


traction of the plate causes a rotation of 
the mirror M; thismovement is magnified 
by means of a light beam reflecting from 
the mirror on to a scale, the optical 
arrangement being such that a deflection 
of 1 cm. on the scale corresponds to an 
expansion of 1/1832 in. in the plate 
The scale can be read to 4 mm. and 


UD 


therefore an expansion of 1/73.000 in. 
can be recorded. 


° 2 4 
SCALE (INS) 


Fig. 4. Restraining frame and stress measuring apparatus 


ment of a symmetrically distributed stress across the section 
of the plate, by locating a single-run weld at approximately 
the middle area, as shown. Variations of stress through the 
plate section will thus be rapidly reduced with increasing 
distance from the weld, and will be negligible in the section 
of plate over which the extensometer works. The root gap 


Fig. 5 
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4. Experimental Procedure 


The test plates were machined to size, 
holes for the accommodation of thermo- 
couples, the positioning of which is 
discussed later, were drilled and the 
pop-marks were made. After the gauge 
length between the pop-marks had been 
measured by means of a travelling microscope, the plates 
were clamped into position inside the frame and the restrain- 
ing welds were made. The fitting of the water-bath and 
other equipment was now carried out and the rate of flow 
of water through the cooling system adjusted to a convenient 
value, which was kept approximately constant for all tests. 
The test weld was now made and readings of the extenso- 
meter deflection and the three temperatures were taken 
at ten-second intervals from the commencement of welding 
until the plates had cooled to room temperature. If 
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Fig. 7. 


fracture had not occurred at this point, readings were 
taken at less frequent intervals until 24 hours after the 
commencement of welding. 

The test plates were now separated by machining from the 
beam members of the restraining frame, which were thus 
restored for subsequent tests. The weld and adjacent plate 
metal were fully examined under the microscope and where 
failure had occurred the fractured area was measured by 
means of a travelling microscope. Hardness determinations 
were also made on the weld and hardened zone. 


Temperature Measurement during the Test 


It has been pointed out that any rise of temperature of the 
gauge length of plate over which the extensometer works 
will modify the extensometer readings and cause erroneously 
high stress readings to be obtained. It was found that, in 
practice, a small temperature rise did occur, and measurement 
of this effect was therefore necessary. Accordingly, the 
couple holes T and U (Fig. 4), were drilled to a depth of one- 
third the thickness of the plate, | in. outside the extensometer 
pop-marks, and readings of temperature were taken from 
thermocouples inserted in these holes in all tests. The tem- 
perature rise of the 2 in. length of plate was taken as the 


The Extensometer 


average of these two thermocouple readings and the appro- 
priate correction made to the extensometer curve. The 
process of this correction will be discussed later in considering 
the test results. 

The position of the third thermocouple hole is shown in 
Fig. 6. It will be seen that it is so arranged that the hot 
junction is situated at about the centre of the region of plate 
which subsequently transforms to martensite. 

Modifications of the above general test procedure which 
were necessitated in the case of some of the tests are referred 
to in the discussion of those individual tests. 


Materials Used 


The plate metal which has been used in the tests has in all 
cases been either a mild steel containing approximately 
0.2 per cent. carbon, or more frequently a 4S 11 alloy steel 
of the following composition : 


Si. S 


Ni. Cr. Mo. Mn. 
0.016 0.016 


0.32 3.38 0.65 0.26 0.57 0.22 


This plate has, in all cases, been used in the annealed 
condition and except where otherwise stated, the plate 
section used has been 4 in. thick. 

In all cases, 8-gauge electrodes have been used, with a 
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which Have been used are given in Table 1. 


TABLE I. 


current of 130 amps. at 24 volts. The analyses of the electrodes 


Mild steel 

electrode **A’’ 0.06 — — — 06 0.04 0.04 
Austenitic steel 

electrode **B’’ 0.06 |20.00 9.5 3.0 — 0.03 0.03 
Austenitic steel 


electrode 0.04 25.00 20.00 —- — 0.03 


High-tensile steel 


electrode **D’’ Analysis not available. 


5. Interpretation of the Test Curves 


Test 1.—Mild Steel Weld on Alloy Steel Plate 


Fig. 9 shows the results obtained from a single-run weld 
made with the mild steel electrode *“*A*’ between 4 in. 
thick plates of the 4S 11 alloy steel. 

Curve Q shows the variations of temperature recorded by 
the thermocouple situated in the centre of the martensite 
zone. Load in the plate, as derived from the extensometer 
readings, is shown as curve AKLG (in broken line). Results 
of higher accuracy have been calculated by compensation 
for the following three factors. 

1. Curve AKLG (Fig. 9) includes an effect due to the 
heating of the extensometer gauge-length. From the 
appropriate temperature measurements, a continuous curve 
ean be drawn for this thermal effect. For convenience an 
equivalent curve, P, in terms of load (tons) is shown in Fig. 9. 
Addition of curves P and AKLG gives ADFG corrected for 
this effect. A similar process has been applied to the curves 
for all subsequent tests, only the corrected curves, correspond- 
ing to ADFG, being given 

2. Although invar was used for the construction of the arms 
of the extensometer, a small correction is necessary for the 
thermal cycle which the instrument undergoes. Correction 
processes to allow for this effect have been applied whgre 
necessary to the fully corrected load and stress values quoted 
in the text, but to none of the test curves. 


3. A correction of the extensometer readings for the effect 
of longitudinal stresses acting perpendicularly to the gauge- 
length is also necessary. With two stresses at right angles, 
Hooke’s law does not apply, the relation between stress 
and strain being as follows :— 


E(x, + ox.) E(x.+ 
= ; 8: = — 
Where, in the present case :— 
S, and x, = Transverse stress and strain respectively. 
S, and x, = Longitudinal stress and strain. 
E= Young’s modulus. 
o= Poisson’s ratio. 


To enable compensation for this effect to be made, the 
following test was carried out: 


Test \(a). 


Conditions for this test were exactly the same as for 
test I, except that the extensometer was now mounted 
on a 2 in. gauge-length bisecting the original gauge-length at 
right angles. 

The curve of plate contraction, corrected for the heating 
of the gauge-length, is shown in Fig. 10, and is similar in form 
to the curve of transverse stress (Fig. 9) for test 1. (The 
main features of the two curves, i.e. the beginning and 
end of the load drop and the final stress relaxation, have 
been made to coincide by slight sectional adjustment of the 
time scale of Fig. 10). The two stresses at right angles can 
then be found at any time from the formulae quoted above. 
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Stresses for test 1, corrected by this means, are shown in 
Fig. 11. Curves C and B respectively show the transverse 
stress with and without this correction. Curve A shows the 
true longitudinal stress (not the magnitude of the correctio 
applied to curve C) and, as might be expected, bears : |ittle 
relation to the curve of longitudinal contraction. 

For accurate correction, the above procedure involving two 
tests would have to be made for each set of conditions 
investigated. However, as the magnitude of the correction 
involved is only small, it was decided to eliminate this lengthy 
procedure by using the results of test I(a@) for the correction 
of all subsequent tests. The slight reduction in the accuracy 
of the quoted load and stress values due to the use of this 
method is discussed later. Compensation by this method 
has been applied to all fully corrected values quoted in the 
text, but not to the test curves. 

The main features of the curve of rising load for test | are 
unaffected by the various correction processes, so that a 
general examination of the curve for test | may now be 
made. It will be seen that, after a short induction period, 
the load rises rapidly during welding, attaining a maximum 
value at D (Fig. 9), where it begins to decrease and falls 
sharply to zero load at F. This sharp drop in load value 
occurred at a temperature of 92° C. as registered by the 
thermocouple situated as shown in Fig. 6, and was accom- 
panied by indications of cracking. Probably the formation 
of small cracks is responsible for the initial bending over 
of the load curve and the main crack then occurs very 
rapidly. The last stage of cracking, (MF), is rather slower. 
On subsequent examination it was found that complete 
separation of the welding plates had occurred by failure 
in the hardened zone of the plate metal. 

The other salient feature of the curve ADFG is the fall 
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Fully corrected values for load and stress for test 1, and 
also for a confirmatory test (test 2), carried out under pre- 


cisely the Same conditions as test 1, are given in Table 2. 


TABLE 2. 
| | 
| | Test 1 Test 2 
| Maximum load (tons) 15.5 | 16.3 
Maximum transverse reaction stress at the 
Cracking temperature (°C.) 92 98 


Average hardness of weld deposit (V.D.H.) 256 | 259 
Average hardness of martensite zone of 
plate (V.D.H.) 534 


The magnitude of these! values is fully discussed later. 


Test 3.—Mild Steel Weld on Alloy Steel Plate with Mild 
Steel Lining 


In this test a mild steel electrode **A’’ was used to make a 
single-run weld between plates of the 4S 11 alloy steel, the 
sides of the welding V having previously been lined with a 
layer of mild steel (deposited from electrode A), approxi- 
mately } in. thick. 

Other conditions were as before, a hole being drilled in the 
lining for temperature measurement in the same position 
relative to the weld V as in test 1. 

The curves of transverse load and of temperature are 
shown in Fig. 12. Although no fracture occurred in the test, 
jt may be seen that the load rises to 20 tons. An arrest occurs 
in the load curve, much smaller in magnitude than that 


obtained in test 1, but over approximately the same 
temperature range. 

Fully corrected results of the test are: 

Maximum transverse load in the plate= 19.4 tons. 


Maximum transverse stress at the interface = 28 tons/sq. in. 
(This figure was obtained by estimation of the weld area, 
which could not be measured directly, as no fracture occurred.) 


Test 4.—Mild Steel Weld on Mild Steel Plates 


A single-run weld was laid with the mild steel electrode 
A between mild steel test plates, 4 in. in thickness. 

The curve of transverse load is shown in Fig. 13, together 
with the corresponding temperature curve. 

As in the case of test 3, no fracture occurred, though the 
load rises to a high value. The discontinuity in the load 
curve obtained for tests | and 3 is entirely absent in the 
present case. 

Fully corrected values obtained from test 4 are :-— 

Maximum transverse load in the plate=22.6 tons. 

Maximum transverse stress at interface = 30 tons/sq. in. 

(Again obtained by estimating the weld area.) 
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Discussion of the Results of Tests 1-4 


An important feature of the load curve for test | is the fall 
in load BC, (Fig. 9), two possible explanations of which 
are now examined :— 


1. A similar fall in load value, obtained under similar 
circumstances by ROLLASON and COTTRELL", was suggested 
by them to be due to plastic extension of the weld or adjoin- 
ing plate metal. Such an effect could only account for the 
form of the load curves in the present case, if there were a 
sudden decrease in the yield strength of the weld or plate 
metal with decreasing temperature; such an effect seems 
most unlikely. However, CoTTrecc* has shown that unstable 
austenite, in process of transformation to martensite, exhibits 
marked ductility, and it is not impossible that sudden plastic 
vielding of the plate metal adjacent to the weld might occur 
under the present test conditions during its transformation. 
The effect on the recorded load curve would, however, be 
merely to produce an arrest, the load rising only slightly over 
the time period during which yielding was taking place. While 
this effect might be included in the part of the curve where 
the drop in load value occurs, a decrease in the load value 
such as is actually obtained cannot be explained on this basis. 


2. An alternative explanation of the effect is that it is due 
to the relaxation of stress afforded by the expansion con- 
sequent upon the transformation to martensite in the heat- 
affected zone of the plate metal. 


It may be noted that the fall in load value occurs in the 
temperature range 327-242° C. while the similar effect in 
test 3 occurs over the range 351-230° C. These figures are in 
fairly good agreement with the temperature range for the 
formation of martensite in alloy steel of the same composition 
as that used in the present tests, which has been reported as 
320-200’ C. by CROWTHER", using a dilatometric method, 
and as 320-210°C. by COTTRELL, WINTERTON and CROWTHER", 
using a magnetic method. 

It was decided to compare the magnitude of the fall in load 
value, recorded in test 1, with that which would be expected 
from the expansion at transformation. 

In evaluating the true magnitude of the effect giving rise 
to the fall in load value recorded on the test curve, it should 
be noted that recorded load curve may be regarded as the 
sum of two curves, one of rising load corresponding to the 
thermal shrinkage of the plates, and the other giving the 
required load drop. This point is made clear in Fig. 14, 
where curve ABCD is a curve of rising stress such as .would 
be expected from consideration of thermal contraction alone, 
while curve ABEF is a load curve similar to those actually 
obtained. Curve AGHJ represents the effect giving rise to 
the fall in load, the total magnitude of which is given by CE. 

By an estimation based on these considerations, it was 
found that the true reduction in the load value for test | 
was 4.6 tons. The average total width of the two martensite 
zones was 7.2 mm., as found by the measurement of several 
sections by means of a travelling microscope. The magnitude 
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of the expansion associated with the transformation to 
martensite in this steel is approximately 0.44 per cent., and 
from these figures the drop in load value to be expected from 
theoretical considerations to result from the transformation 
to martensite was evaluated as 4.! tons. 

The corresponding figures in the case of the confirmatory 
test (Test 2), were :— 

True value of load drop estimated from the curve = 5.2 tons. 
Theoretical value calculated from the measured width of 
the martensite zone= 4.3 tons. 

In both cases it will be seen that the two figures are of the 
same order of magnitude, although the measured values are 
a little higher than those calculated ffom theoretical con- 
siderations. This suggests that while the transformation 
expansion may account for the bulk of the recorded fall in 
load value, there is also a possibility that plastic deformation 
occurs to a limited extent. 

As was expected, tests 3 and 4 established more firmly the 
close connection between the fall in load value and the forma- 
tion of martensite. Only a small arrest occurred in test 3, 
where a mild steel lining replaced the martensite zone; this 
arrest probably indicates the formation of a small amount of 
martensite in the plate beyond the lining, although micro- 
scopic evidence upon this point was inconclusive. With 
mild steel plates, as in test 4, where it is certain that no 
martensite formed, there was not the slightest discontinuity 
in the curve of rising transverse load. 

It has therefore been concluded that the drop in load 
occurring in tests | and 2, corresponding to BC (Fig. 9), is 
due to the expansion associated with the martensite trans- 
formation and that, if any effect due to plastic deformation 
occurs, it is of small magnitude only. 


It is now possible to compare the magnitude of the stresses 
measured in the foregoing tests with those predicted earlier 
from theoretical considerations. 

The conditions assumed in the theoretical calculations 
approximate most closely to those of the test on 4 in. thick 
mild steel plate (test 4), and the expected stress in the plate 
of 13.9 tons/sq. in. is in quite good agreement with the 
figure of 11.3 tons/sq. in. actually measured in test 4, the small 
difference being attributable to the fact that the temperature 
gradient in the test was probably considerably steeper than 
that assumed in deriving the theoretical figures. The maximum 
stress in the plate in the case of test | was 7.8 tons/sq. in., 
the lower value being due to the drop caused by the martensite 
transformation and to the fact that, in this test, cracking 
occurred, preventing the building up of the stress to its full 
value. 

An interesting result is that, at 92° C., the stress in the 
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case of alloy steel plates is smaller than that with mild 
steel plates, the two figures being 7.8 tons/sq. in. and 8.5 
tons/sq. in. respectively. This is due to the load fall at the 
transformation to martensite in the former case. The fact of 
higher stresses with mild steel plates provides confirmation 
for a similar result obtained by Breretr and Gruninc®. 

Probably the most significant result of the tests under 
consideration, however, is that fracture occurred in the 
hardened zone of the alloy steel plate under a transverse 
reaction stress of 22.2 tons/sq. in., whereas higher stresses 
were withstood in the case of tests 3 and 4. This result is 
wholly at variance with the tensile properties of plate of thi 
composition in the hardened condition, as reported from 
ordinary mechanical tests. The quite abnormal nature of the 
results of test | (and all similar subsequent tests on alloy 
steel plate) is discussed more fully in a later paper of the 
present series, where the view is advanced that failure occurs 
in the hardened zone in the welding tests on alloy steel plates 
under the influence of high local stresses, the development o! 
which is intimately associated with the mechanism of the 
formation of the martensite layer. 


Tensile Strength of a Welded Joint at Elevaied Temperatures 


A low value for the transverse reaction stress developed in 
the welding test had been expected from theoretical con- 
siderations, as discussed earlier. However, the fact that 
failure occurred in a material having a nominal tensile 
strength of over 100 tons/sq. in., apparently under the 
influence of these low stresses, was surprising, and it was 
therefore decided to seek confirmation of the abnormally 
low strength of the hardened zone of the plate adjacent to 
the weld. The following tensile tests were accordingly carried 
out. 

Tests were made on single-run joints laid between plates 
of the 4S 11 alloy steel using the mild steel electrode A. 
The welding V was shaped as before, but was only 24 in. long, 
each of the welding plates being 4 in. x 2sin. = 4 in. Plates 
and weld together constituted a simple tensile specimen, 
which was tested at various temperatures in the range 
20-150° C. The temperature of the specimen was indicated 
by a thermocouple, whose hot junction was situated in a hole 
placed as for the welding tests (Fig.6). After the test weld had 
been made, the specimen while stili hot, was rapidly mounted 
in the tensile testing machine, and tested to fracture on the 
slowest speed of the motor. Testing was commenced at 
various temperatures, a small allowance being made for the 
fall in temperature during the test. The exact temperature 
at fracture was noted. Finally, the area of the fractured 
surface was determined as before. 

Results are presented in Fig. 15 and it may be seen that a 
minimum in tensile strength occurs for a fracturing tem 
perature of about 85° C. 

Two further tests have been made by allowing the weld and 
plates to cool to room temperature and subsequently re-hea! 
ing to the required fracturing temperatures (SO~ C. and 
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00° C.). The results were found to fall on the curve already 
established for tests carried out during cooling after welding. 
This shows that the two methods of testing are equivalent, 
the important factor for the low strength values being the 
fracturing temperature. 

Examination of the fractures showed that, for the range of 
lowest strength (50-100° C,), the fracture was wholly in the 
martensite immediately adjacent to the weld, but that with 
higher or lower temperatures an increasing proportion of the 
fracture was in the weld. The lower part of the fracture 
(_e. near the root) was always in the martensite, however. 

Comparison may now be made between the tensile tests 
and the welding tests | and 2. Measured transverse stresses 
of about 22 tons/sq. in. were found for the welding tests, 
whereas a strength of about 14 tons/sq. in. would be expected 
from the tensile tests for the same fracturing temperature. 
The cause of this difference must be sought in the different 
conditions in the two cases. For instance, the two processes 
of stressing are quite different; in the one case, stress is 
built up slowly over a period of about four minutes, whereas 
in the other it is applied rapidly in about half a minute, 
over a small temperature range only. 

In any case, the possibility of the failure of martensite 
under very low applied main stresses was amply confirmed 
by these tensile tests ,which thus fulfilled their main purpose. 
The field would, however, seem a promising one for further 
study. 


6. Investigation of the Effect of Plate Thick- 
ness on the Transverse Reaction Stresses 


For the purpose of this investigation mild steel test plates 
were used in order to give the minimum probability of crack- 
ing, thus allowing the stress to build up continuously during 
cooling to room temperature, and so give maximum stress 
values Suitable for direct comparison. The three plates chosen 
for investigation were approximately | in., 4 in. and % In. 
thick respectively. Of these, the results of the test on the 
{ in. thick plate have already been recorded (test 4). 

The procedure in the other two tests varied only slightly 
from that in test 4: thus, although slight adjustments were 
made to the shape of the welding V, designed to ensure the 
location of the single-run weld deposit in a central position 
relative to the thickness of the plate, the 60° angle of the 
welding V was preserved in all tests. The mild steel electrode 
A was used to lay each of the test welds. Temperature read- 
ings were taken in each test from a thermocouple situated 
in a similar position relative to the interface to that usedin 
the tests on alloy steel plates, although with mild steel plates 
no martensite zone is produced. 

The load curves obtained from the tests on } in., & in. 
and | in, thick plates are shown in Figs. 13, 16 and 17 respec- 
tively. It will be seen that, while the three curves are of the 
same general type, the curve for the test on the | in. plate, 
(Fig. 17), differs from that for the other two tests, in that a 
crack is indicated, taking place at a temperature of about 
22” C., the load in the plate being approximately 30 tons. 
The crack causes only a partial relaxation of stress, however, 
Separation being completed slowly after the sharp drop in 
load value had occurred. Subsequent examination showed 
that the crack had occurred wholly in the centre of- the weld 
deposit. The important numerical results from this series of 
tests are given m Table 3. 


TABLE 3 


Test | Thickness of | Maximum stress | Average hardness 
No. plate (in.) | in weld | of weld deposit 


| (tons/sq. in.) (V.D.H.) 
5 0.297 a, 198 
4 0.500 30 204 
6 : 39.1 236 
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Discussion of the Results of Tests 4-6 


The stress developed across the weld increases as the thick- 
ness of the plate increases, rising to the breaking strength of 
the weld in the case of the | in. thick plate. A second test on 
| in. thick plate showed hot-cracking of the weld at a tem- 
perature determined as approximately 375° C. This occurred 
while the test weld was incomplete under an estimated stress 
of 25 tons/sq. in. As no similar result has ever been obtained 
with thinner plates, this indicates that the rate of stress 
rise with thick plate is greater than with thin plates at elevated 
temperatures, as well as on cooling to room temperature. 

Factors which might contribute to the development of 
high stresses with thick plates, are : 

1. The thermal capacity of the thicker plates being the 
greater, a bigger proportion of the total heat input 
during welding will be effective in causing the develop- 
ment of stress than with thin plates, less heat being 
lost to the water-baths before the yield strength of the 
weld metal becomes appreciable. 

2. The secondary stresses acting on the weld are likely 
to be greater in the case of the thicker plates, and 
particularly the stress acting in a direction through 
the thickness of the plate may be expected to be con- 
siderably higher. This increased value for the magnitude 
of the triaxial stresses may well cause a decrease in the 
ability of the cooling weld to accommodate its thermal 
contraction by plastic distortion, with a consequent 
increase in the transverse reaction stress developed 
in the plate. 

Evidence in favour of this latter theory is provided by a 
closer examination of the test curves. It will be seen that in 
the case of the test on 4 in. thick plate the majority of the 
rise in load occurs over the temperature range above 100° C., 
and that below 50° C. an increase in load of only about 
20 per cent. occurs. In the case of the test on 1 in. thick 
plate, however, the increase in load which occurs below 
50° C. amounts to some 45 per cent. of the final load figure. 
It is considered possible that the occurrence of plastic de- 
formation of the weld in the case of the thinner plate may 
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account for the rapid decrease in the rate of rise of load 
below 50° C., and that this is prevented in the case of the 
1 in. thick plate by triaxial stressing, the load curve continuing 
to rise quite considerably. It is significant that in the case 
of the ¥ in. thick plate, the rise of load occurring below 
50° C. is almost inappreciable, although quite a large amount 
of shrinkage must take place below that temperature. 

It is considered probable, therefore, that each of the factors 
mentioned above contributes to some extent to the develop- 
ment of greater transverse stress with thick plates. 


7. Tests 7 & 8.—Austenitic Steel Weld on 
Alloy Steel Plate 


In these tests a single-run weld was made from the 18/8 
type austenitic electrode B between plates of the 4S 11 type 
alloy steel. The load curve for test 7 is shown in Fig. 18; 
it will be seen to differ somewhat from that for test 1, in 
the following respects. 


1. The initial rate of load formation with the austenitic 
electrode is about 1.4 times as rapid as that in the test using 
the mild steel electrode (given by AB in Fig. 9). Since, in 
this stage, the contraction is localised round the weld, the 
increased initial rate of load rise with the austenitic weld 
deposit is as would be expected, because of the greater 
coefficient of conttaction of this material. 


2. A greater drop in the load curve (corresponding to BC 
in Fig. 9) occurs in this case than in the test using the mild 
steel electrode. The temperature range in which this load 
drop occurred (330-220° C.) agrees well 
with that for the load drop in test |. 

The true magnitude of the drop in load 


load due to the transformation of the weld metal at re! 


vely 

low temperatures. 
3. The load curve (Fig. 18) shows that the rate of forma. 
tion of load per degree centigrade is rather smal! the 


range 200-100° C., but returns to a more normal va) ic 
the range 100-50° C. A similar effect was observed in tes; ¢ 

This is presumably due to the last stages of the mart 
transformation, and it may be noted that the effect is greater 
and more prolonged than in the fest using the mild 
electrode. For the latter, the rate of formation of loa: 
returned to a more normal value at 150° C 


4. After the maximum load, which occurs at about 25 C. 
the load shows a gradual decline, and after 24 hours had 
reached zero. This decline corresponded with cracking 
The protracted nature of the latter was presumably caused 
by a decrease in notch-sensitivity (and consequently in the 
speed of crack propagation), due to the interlacing of the 
brittle martensite in the interface zone with ductile austenite 
Microscopic examination of these interface structures has 
already been fully discussed in Part | of the present report. 

Microscopic examination of the crack in its relation to 
the microstructure has shown some differences between the 
18/8 type austenitic electrodes and the ferritic electrodes 
used previously. 


Comparison of Cracking with Ferritic and 18/8 Type 
Austenitic Electrodes 


With ferritic electrodes, the base-plate cracking which 
occurred was of the usual nature, being confined to the 
martensite zone immediately adjacent to the weld metal 
and, in general, departing not more than about 1/20 in. from 


value in test 7 has been calculated (as 20 CR 
discussed in considering test 1) as 6.7 tons, a 
this being rather larger than the theoretical * rns 
value of 4.2 tons derived from the measured vied ee Gali, 
width of the martensite zone. For test8, —. — 7 
a repeat test in which conditions were pre- 3 44 
cisely the same as for test 7, the correspond- © ea V 
ing figures were 6.3 tons and 4.2 tons ~— ji lf ; 
respectively. Therearetwo possiblereasons w \ a 
for the higher figures for the load drop in & 4 > 
the tests using austenitic electrodes :— a \\ ~~! 
(a) It is likely that the expansion due to 2 a 
the formation of martensite on either } = 
side of the weld is accompanied by ] ~ 
an expansion caused by theformation © 
of martensite in the weld metal. The + | 
occurrence of martensite in weld 
metal deposited from the 18/8 type 
austenitic electrode is discussed in ° | oT 
Part I of the present report. ° 100 209 300 aco. 600 
(b) Transformation to martensite might 


be accompanied by some plastic 
deformation. If this is true, greater 
plastic relief might be expected with 
the austenitic electrode, because 
a rather higher transverse reaction 
stress (17.0 tons/sq. in. for test 7, 19.7 tons/sq. in. 
for test 8) has been built up at the beginning of the load 
drop than in the case of the mild steel electrode 
(15.4 tons/sq. in. for test 1, 15.0 tons/sq. in. for test 2.) 


It is probable that the greater drop in load with the austen- 
itic electrode is due to a combination of these causes, since 
the first alone is insufficient to account for the magnitude 
of the effect. 


A similar, though more pronounced, augmentation of the 
load drop has been observed in a test using the high-tensile 
steel electrode D under the same conditions. Cracking was 
observed as before, but a much greater load drop occurred 
than for test | or test 7 and commenced at a higher tem- 
perature. This was attributed to an additional relaxation of 
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Fig. 18. 


the interface. The fractures had a granular appearance, 
coarser at the top than at the root. !n all cases, cracking was 
wholly transcrystalline. 

Base-plate cracking with the 18/8 type austenitic electrode B 
was similar, except in two particulars. Firstly, the crack 
departed from the martensite into the weld metal over a 
large number of small areas in the upper part of the fracture 
Secondly, close examination showed occasional examples 
of intercrystalline cracking in the martensite. The length 
of such parts was very small, rarely exceeding the width o! 
two grains; Fig. 19 shows a typical example. Apart from 
these exceptions, the cracking was transcrystalline in both 
martensite and weld metal. 

Fully corrected values for the two tests (tests 7 and 8) on 
the austenitic electrode B are given in Table 4. 
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Fig. 19 
TABLE 4. 
Test 7! Test 8 
Maximum load in the plate (tons) 16.5 14.1 
Maximum stress acting over fractured 
area (tons/sq. in.) 22.8 ca We. 
Cracking temperature (°C.) 25—20 _ 73—20 


8. Tests Using Multi-run Test Welds 


Severe interface cracking having been reported in Part | 
of the present report and elsewhere, in making butt-welded 
joints between alloy steel plates using multi-run welding 
with 18/8 type austenitic electrodes, it was decided to in- 
vestigate the problem by carrying out measurements of the 
rising transverse stress during the laying of such a weld. 

The test plates used were of the 4S 11 type alloy steel, 
| in. in thickness. The tests were prepared similarly to 
the single-run tests, but as the test weld was expected 
to occupy almost the whole of the area of the plate section, 
the parallel-sided portion of the welding V was reduced to 
& in., the angle of the divergent portion being 60° as before. 

The multi-run welds consisted of 
twelve runs laid from the 18/8 type 
austenitic electrode B, at four-minute 
intervals; the welds were laid in five 
layers, the first consisting of a single 
root weld, the second of two runs and 
each of the others of three runs. In ' 


any layer, the right-hand run, facing — 


in the direction of welding, was laid first, 
and in those layers where three runs 
were laid, the middle one was com- 
pleted last. 

It was found necessary to commence 
the removal of slag from any weld 
30 seconds before the laying of the 
following run was due to commence. 
The slag removal occasioned some 
disturbance of the extensometer and also 
interrupted the reading of this instru- 
ment, but as this occurred at periods 
when little change in the extensometer 
deflection was occurring, it was found 
possible to obtain by extrapolation the 
readings which were missed. 

Two of the thermocouples occupied 


LOAD IN PLATE (TONS) 


first run of the test weld, instead of occupying a position 
in the adjacent plate. 

Examination of the weld after the completion of the test 
included an approximate determination from the etched 
surface of several sections of the dimensions of each of the 
runs, in order to provide a basis for the estimation of the 
effective weld area at each stage of the test. 


Test 9.— Multi-run weld between Alloy Steel Plates Using 
the 18/8 Type Austenitic Electrode 


The curve of rising transverse load in the plate obtained 
from this test is shown in Fig. 20. Variations in temperature 
recorded by the thermocouple in the root weld are shown by 
the broken line in this diagram. The important numerical! 
results of this test, uncorrected except for the thermal expan- 
sion of the gauge-length, are given in Table S. 


TABLE 5. 
| Max. temp Temp. at Max. load Estimated 
Cycle} recorded by | end of cycle in plate stress at inter- 
No. | couple in root ("<.) during cycle face at end 
weld (-C.) (tons) of cycle 
(tons/sq. 
| > 1200 43 7.2 1.4 
2 520 42 14.4 fe 
3 220 42 10.1 0 
4 351 4) 10.1 2.4 
5 138 48 3.4 0.6 
6 251 54 14.6 7.3 
7 203 45 22.9 10.9 
8 97 54 21.7 8.4 
9 184 57 30.8 12.3 
10 220 54 33.1 13.2 
11 90 47 34.2 11.4 
12 140 20 40.1 0 


Considering first the curve of temperature recorded by the 
couple in the root weld, it will be seen that the maxima 
recorded during the laying of the left-hand run of each layer 
are substantially smaller than those for the other welds of the 
same layer. It was found on examination of a section of the 
weld near to the couple hole that this was due to the presence 
of a slag inclusion above the root weld on this side of the 
central portion of the joint. This, while undesirable from 
the theoretical point of view, was unavoidable in view of the 


200 


TEMPERATURE °C 


their usual positions, to enable correc- 
tion for the thermal expansion of the 
extensometer gauge-length to be made, 
but the third was welded into the 


ALLOY STEEL WELDING—PART III 


60 
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Fig. 20. 
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difficult test conditions with regard to 
slag removal. 

Dealing now with the curve of rising 
load, it will be seen that at the end of 
the fifth cycle the load in the plate ts 


still virtually zero. The relaxation 
process responsible for the neutralisa- 
tion of the stress developed by thermal 
shrinkage during the period might be 


Cc 


(a) the expansion associated with the 
transformation to martensite in 
the p!ate metal, or 


(b) the occurrence of cracking. 


A more detailed examination of the 
stress relaxation occurring during the 
first run is necessary in order to dis- 
criminate between these possibilities. 
During this run a relaxation of load. 
estimated from the curve as equivalent 
to a true load reduction of about 
14 tons, occurs over the temperature 
range 425-80° C. It has previously been 
shown that a load drop of 6.5 tons, 
occurring in a test on a_ single-run 
austenitic weld between 4 in. thick 
alloy steel plates. may be largely explain- 
ed by the expansion consequent upon 
the transformation to martensite in the 
heat-affected zone of the plate metal and in the austenitic 
weld metal. If it be assumed that a martensite zone of the 
same width as that obtained in the single-run test was 
produced by the laying of the root weld in the present test, the 
fall in load value which would be expected is twice that for the 
single-run test. owing to the increased plate section, i.e. a 
load drop of 13 tons would be expected. It will be seen that 
the recorded value of 14 tons is therefore of the right order 
of magnitude for explanation on the basis of the marten- 
site transformation, although the temperature range over 
which it occurs is rather wide. 

The martensite expansion alone is, however, insufficient 
to account for the whole of the stress relief which takes 
place during the first five runs, and it is therefore probable 
-hat cracking has also occurred. The form of the load curve, 
for the third and fifth cycles particularly, differs greatly from 
that of the other runs, and admits readily of interpretation 
on the basis of cracking. It is also to be noted that it was 
on this side of the weld (the second side of any layer) that 
major cracking finally occurred. 

After the commencement of the sixth weld the form of 
the load curve becomes more stabilised. Each run 
gives rise to:— 


LOAD IN PLATE (TONS) 


now 


1. An initial drop in the load value. This is due to the 
stress relaxation afforded by the thermal expansion of 
the earlier welds as they are heated by the laying of 
the new weld. It will be observed that the magnitude of 
this effect increases with the number of the welding run; 
this may in part be due to the fact that, as the size of the 
weld deposit increases, a greater proportion of the total 
heat input is absorbed by the austenitic weld metal, 
the coefficient of expansion of which is greater than that 
of the plate metal. 


tv 


A subsequent rise as the weld begins to cool and the 
development of transverse stress commences. 


3. In certain of the cycles, particularly those in which the 
first weld of a layer is laid, there is evidence of a load 
drop similar to that attributed to the volume change 
accompanying the martensite transformation in con- 
sidering the first cycle. 


The final load in the plate under which major cracking 
occurred three hours after the commencement of the test 
was 40.1 tons, the stress at the interface being approximately 
13.4 tons/sq. in. The significance of this maximum stress 
will be discussed later. 
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Fig. 21 


Test 10.—Multi-run 18/8 Type Austenitic Weld  hetween 
Alloy Steel Plates with a Lining of 25/20 Type Austenitic 
Weld Metal : 


In the first paper of the present series it was show: 
interface cracking in multi-run austenitic welds may he 
avoided in certain cases by coating the faces of the welding 
with a preliminary layer of either 18/8 or 25/20 type auste 
weld metal. 

In an endeavour to investigate the mechanism of the prot 
tion afforded by this procedure and thus to throw furthe 
light on the causes of cracking in unlined welds, it was decided 
to carry out a stress measurement test on such a lined weld 

For this purpose the procedure used was exactly simila 
to that for test 9, except that the faces of the welding V wer 
coated with a layer of weld metal approximately 4 In. thick 
deposited from the 25/20 type austenitic electrode C. Alte 
the completion of the lining welds, the surfaces of the V were 
ground up to shape and the test proceeded as for test 9 
In the present test, however, no major cracking occurred 

The load curve recorded by the extensometer and the 
temperature curve recorded by the thermocouple in the 
root weld are shown in Fig. 21. The most important numerica 
results, corrected only for the thermal expansion of the gauge 
length, are given in Table 6. 

Considering the load curve, it will be observed that in the 
first cycle of welding, and to a smaller extent in the fou 
following cycles, a drop in load value occurs, similar to tha! 


encountered in the first cycle of test 9. The magnitude of the 


TABLE 6. 
Max. temp. Temp. at Max. load Estimated 
Cycle recorded by | end of cycle; inplate (stress at inter- 
No. | couple in root | fae | during cycle face at end 
weld ('C.) (tons) of cycle 
(tons/sq. in.) 
| > 1200 47 14.0 5.2 
2 452 42 17.3 13.8 
3 292 56 15.8 | 10.4 
4 | 340 49 24.4 15.3 
> fi 228 47 | 30.5 14.5 
6 | 209 47 | 40.1 19.1 
7 | 209 51 47.1 22.4 
142 47 46.4 
9 155 47 48.9 18.8 
10 180 49 §3.2 20.5 
| 119 47 54.6 18.2 
| 125 | 18 60.) 20.0 
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sHect is, however, considerably less than that observed in 
est 9, and it is therefore considered that the explanation 
idvanced in the case of the latter may still apply in the present 
case, the smaller effect recorded being due to the reduction 
1 width of the martensite zone of plate metal by the inter- 
position of the austenitic lining protecting the plate metal 
trom the heat of the weld. The larger load drop in the case 
of the root weld is due to the fact that some of the lining 
vas ground away near the root in the shaping of the welding V. 

Fach of the cycles following the first is of the same general 
type. consisting essentially of a relaxation of load caused by 
the thermal expansion of the welds already laid, as they 
receive heat during the deposition of the new run, followed 

i period in which the load builds up as the weld and 
idjacent plates cool. Again, it will be noticed that the 
magnitude of the initial relaxation effect increases through the 
series of runs, the effect in the middle run of any layer being 
particularly marked. In the early runs there is, in addition, a 
small load drop, presumably corresponding with the forma- 
on of martensite which occurs as a break in the rising portion 
of the load curve. 

The final maximum load value of 60 tons corresponds with 
an interface stress of about 20 tons/sq. in. No major crack- 
ing occurred, however, although on microscopic examination 
several short cracks were observed in the lining weld close 
io the test weld, running in a direction approximately at 

ight angles to the interface between the two welds. These 
cracks are illustrated in Fig. 22. It will be seen that they are 
apparently intercrystalline in character, being contiguous 
lo austenite grain boundaries. As they exerted no appreci- 
able effect upon the load curve, it is evident that they must 
have developed purely under the influence of locally high 
secondary stresses. They thus provide interesting confirma- 
tion of the possibility of such stresses attaining high values. 


Discussion of Tests 9 and 10 


Interface cracking, very common with multi-run 18/8 type 
austenitic welds between unlined alloy steel plates and 
nvestigated in Part | of the present report, did not occur in 
either of the tests under consideration. 


In the test using lined plates (test 10), the load in the plate 
built up continuously during cooling to room temperature, 
ut the final interface stress of about 20 tons/sq. in. is remark- 
ably small. This is in good agreement with the suggestion 
in Part I that the success of the lining technique may be 
attributed to a smaller value of the transverse reaction stress, 
due to the operation of a mechanism of stress relaxation 
facilitated by the ductile material of the lining. 

In the case of the test on unlined plates (test 9), continuous 
build-up of stress was interrupted by the early occurrence 
of cracking, so that the final stress figures quoted are not 


strictly comparable with those for test 10 from the point ot 
view of the above theory. The initiation of base-plate crack- 
ing in the early stages of test 9 reflects several important 
differences in the conditions of this test, as compared with the 
tests reported in Part |. The severity of the latter, both as 
regards the rigidity of the restraining system and the rate of 
cooling of the weld, was considerably less than that of the 
test used in the present work. A further important difference 
is that in the present work an interval of 4 minutes was 
allowed between the laying of the welds, compared with the 
procedure of rapidly completing the whole multi-run joint, 
which was adopted in the work reported in Part |. Thus, in 
the present test, conditions in the early cycles may be com- 
pared with those of the single-run tests on austenitic welds 
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(tests 7 and 8), being indeed still more severe Owing to the 
increased plate section. 


The occurrence of base-plate cracking in the early stages 


of multi-run austenitic welding under conditions of extreme 
severity is an effect which has not previously been reported 


It is not likely, however, to constitute a serious practical 


difficulty and, in any case, the use of the lining technique 
appears equally successful in countering it as in dealing with 


the problem of interface cracking, doubtless because the im- 
proved ductility and toughness of the martensite formed in the 
plate metal, caused by its lower initial heat-treatment tem- 
perature Owing to its separation from the filling weld by the 
material of the lining. 


The mechanism by which transverse reaction stress de- 
velops in multi-run welds deserves some attention. From this 
point of view, the root weld behaves as a single-run weld, 
i.e. it is Compressed by the heated plates while in the plastic 
condition and, when it reaches the elastic condition on cooling, 
contraction stresses are set up. This process of load formation 
could only be repeated for subsequent runs, if the load de- 
veloped by the root weld were reduced to zero and the root 
weld were again raised to a temperature at which it could yield 
incompression. The load curve shows, however, that although 
these conditions are not satisfied, the following runs do in 
fact give rise to further load increments. This must involve a 
warping process, which is necessarily less effective in load 
formation than the process which operates in the case of the 
root weld. This explains why the load rise for the first run 
in test 10 is greater than for any of the following runs 


9. Accuracy of the Stress Values 


Fully corrected stress values, as quoted in the text, are 
subject to certain errors, estimated values for which are 
presented in the following section. 


After correcting for the heating of the plate and the heat- 
ing of the extensometer, errors are left whose magnitude 
depends on the stress or load value under consideration. For 
a stress of 22 tons/sq. in. the appropriate figures are 2 per cent 
and 0.5 per cent. respectively. 

Another error remains after correction for the effect of 
longitudinal stresses, the magnitude of which also varies 
with the value of the stress or load concerned. In addition, 
the extent of this remanent error differs for the various 
tests, because of the varying aptness of the correction process. 
For a stress of 22 tons/sq. in., its. magnitude has been estimated 
as given in Table 7. 


TABLE 7. 


Tests | and 2 
Tests 3,4, 7 and8 .. 
Tests 5 and 6 


Tests 9 and 10 
(No correction) .. 


Magnitude of error 
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Estimated values for certain approximately constant 
errors are given in Table 8. 


TABLE 8. 


Source of Error Magnitude of 


Error (%) 


Measurement of fractured area (N.B. | 
This does not arise in load values.) 

Reading of the scale 

Position of the scale 

Measurement of the plate section 
Measurement of the gauge length 
Measurement of the mirror roller dia. 
Values assumed for Young’s Modulus | 


| 


and Poisson’s ratio J 


AAS 


| | Total magnitude 


0.7% 


By addition of all these various errors, where applicable, 
the accuracy limits within which the values of load and stress 
quoted in the text must lie have been evaluated and are 
shown in Table 9. It should be emphasised that these figures 
represent maximum possible errors only; in practice it can 
be shown that the probability of the errors being of a much 
smaller magnitude is very high. 


If similar corrected load and stress values, other than the 
final values, are found from the load curves, the errors will 
be somewhat higher, particularly for the initial stages of the 
curves. 


10. Conclusions 


1. In general, low values of transverse stress have been 
found in the welding tests, as expected from theoretical 
considerations. 


2. A drop in the curve of rising transverse load is caused 
with alloy steel plates by the transformation to martensite 
in the plate metal on either side of the weld. ° 


3. The type of electrode used does not greatly affect the 
magnitude of the final transverse stress, though some modi- 
fications are caused in the way in which it builds up. 


4. The transverse stress is somewhat higher with mild 
steel plates than with the 4S 11 alloy steel plates. 


5. Plate thickness is a most important factor in determ »\» 
the magnitude of the transverse stress. An increase in ite 
thickness from 4 in. to | in. causes the final stress valucs +, 
be almost doubled. 


6. Transverse stresses are again low in multi-run aus) 


welds. 


7. Base-plate cracking is largely a characteristic o| 
martensite formed adjacent to the weld, being found with 
widely differing electrodes. 


8. Base-plate cracking occurs under a low transverse stres« 
this unusually low external breaking strength being attribute 
to the presence of high local stresses, as explained in the 
general discussion which follows in Part V of the present 
report. 


9. Base-plate cracking with a mild steel electrode has been 
overcome, in spite of a higher transverse stress, by lining the 
plates with mild steel. 


10. The severity of the welding test employed in this work 
has been explained on the basis of the higher rates of cooling 
observed with this, as compared with other welding tests 


11. Base-plate cracking has been found with a multi-run 
austenitic weld, probably initiated in the early stages of 
welding. This was prevented by lining with 25/20 austenitic 
weld metal. 
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TABLE 9. 
Maximum transverse | Maximum transverse 
| Conditions stress in joint load 
— Electrode Plate | Stress values Maximum | Load value Maximum 
| (tons/sq. in.) error(%) | (tons) error (%) 
Mild Steel (A) 4811 (4 in.) | 223407 | 3 | 15.6203 2 
2 Mild Steel (A) | 4S11 (4 in.) | 24.7+1.2 54 | 16.3 +0.8 44 
3 Mild Steel (A) | 4S11 G4 in.) (lined) | 28 _- | 22.6+0.9 4 
4 | Mild Steel(A) Mild Steel (4 in.) | 30 | 19.4408 | 4 
5 Mild Steel (A) Mild Steel (% in.) <=27 — 18.3+0.8 44 
6 Mild Steel (A) Mild Steel (1 in.) 39.1 42.3 6 | 29.3+1.5 | 5 
7 18/8 austenite (B) | 4S11 (4 in.) | 22.8+1.4 6 16.5+1.0 6 
8 18/8 austenite (B) 4S11 (4 in.) | 23.2+41.2 5 14.1 +0.7 5 
: ‘ | Final stress 
9 » (multi-run) |, 4S11 (1 in.) | | ©40.143.3 8 
0 » (multi-run) | 4S11 (1 in.) 20 | 60.1 +4.8 8 
| | | 
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IV. A Note on the Effect of Local Stresses on 


Mechanical 


Properties 


Many industrial problems have been concerned with failure 
in materials known, or suspected, to contain ‘‘local stresses,’’ 
ie. a system of balanced internal stresses existing in the 
material independent of the application of an external load. 
Such stresses will be arranged so that the material contains 
alternating areas in tension and compression, and the scale 
of the alternation can vary widely according to the nature of 
the conditions which promote the stresses. In general they 
are produced by a lack of uniformity—of temperature, 
composition, or structure—in the material, giving rise to a 
tendency for some areas to expand or contract relative to 
neighbouring ones. The general rigidity of the substance 
will prevent these changes from occurring freely and, as a 
consequence, a pattern-of alternating tension and compression 
stresses is formed. It has been pointed out by LaszL_o 
VJ. I. & S. I. 1943, No. 1, vol. 147) that under suitable 
circumstances it is possible for these local stresses to attain 
extremely high values. 

In some cases the conditions can be very complex ; for 
example, in the hardened zone of a welded alloy steel plate 
there is a variety of ways in which local stresses can be 
promoted, and the material will contain superimposed 
patterns of stress, the scale of alternation varying from 
the extremely fine pattern representing the stresses produced 
in martensite needles by the discontinuous nature of the 
austenite-martensite transformation, to the broad scale of 
the main residual and reaction stresses. 

Investigation of problems concerning such stress patterns 
is very difficult, because 


(a) the experimental technique for measuring stresses of 
this type is, as yet, in its infancy, and 

(b) an exact mathematical treatment is virtually impossible. 
The following paper is devoted to a simple mathematical 
argument, based on somewhat crude assumptions, which 
enables one to assess, in a qualitative manner, the importance 
of these stresses in connection with the mechanical properties 
of the material. 


In the first place, it is assumed that, where a series of 
superimposed stress patterns is present, the scale of the 
finest pattern is so much smaller than that of any of the 
others, that the other stresses can be regarded as constant 
over any region of alternation of the finest pattern. In this 
way we can divide the sfresses into two groups, those having 
the finest scale of alternation being the **local stresses,’’ and 
all others being grouped together as ‘* general external stress’’ 
acting on that region. This assumption may be regarded as 
justified in such cases as that quoted above referring to alloy 
steel welding, since here the scale of alternation of the finest 
stress pattern may well be of the order of the width of a 
martensite needle —this is discussed further in Part V of the 
present report— which is very small compared with the scale 
of alternation of the other stresses. 

The second assumption concerns the distribution, over an 
extended (macroscopic) region in the material, of the direction 
of action of the patterns of alternating local stress. Here it 
is assumed that there will be a large number of regions of 
unit alternation, lying in random directions in a macroscopic 
region ; consequently there will be many of these units in 
which the direction of action of the local strgss coincides with 
that of the general external stress. 

Thirdly, it is supposed that localised failure will occur in 
regions of the highest tensile stress, i.e., in those regions in 
which the local tension stress is a maximum and in which 
the local stress acts in the same direction as the external 
(tension) stress. 


Lastly, the localised cracks obtained by this action are 
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considered to be extended into macroscopic cracks by the 
action of the general external stress. 

Let us consider the behaviour of a unit region of balanced 
local stress, in which the local stress direction coincides with 
that of the external stress. We can suppose it (in a two- 
dimensional view) to consist of three members, as shown in 
Fig. 1, A being in tension and the outer members B in com- 
pression. 
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Fig. 1. Unit region of balanced local stress 


Let the length of the region (parallel to the stress direction) 
be unity, and the sectional area of A, normal to the stress 
be ‘‘a."’ Let the sectional area of the two members B be 
equal, and let their combined area be ‘*b.’" The local stress 
arises from the fact that the compression members and the 
tension member have a tendency to assume *‘‘free’’ lengths, 
which differ by the value l,+1,, but are restrained from so 
doing by the rigidity, and forced to maintain an equal length 
which is unity. 

Let us suppose that the stress-strain curve for the material 
is that given in Fig. 2, where :-— 

F=tensional breaking stress (F’ for compression) 

E =tensional elastic limit (E’ for compression) 

D=true ductility of the material in tension 

Y = modulus of elasticity 


The condition for equilibrium is that the algebraic sum of 
the loads be zero, i.e., if (S), is the local stress in A, and 
(S)p is the local stress in the elements B, then 


= bAS)p (1) 


‘Fig. 2. Proposed stress-strain curve 
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It is supposed that the ratio of areas is sufficient to 


provide that the elements B are strained in elastic compression 
only, the minimum value consistent with this condition being 
b F (2) 
a 
This assumption is justified in the case being considered, 
since, for a given difference in free lengths (/,- 4) the local 
stress in A will be greater if the strain in the elements B is 
purely elastic rather than partly plastic. 
The value of the local stresses and strains. 


The strain in the elements B= /, 
‘, the compressive stress in the elements B= Y./, 
From equation (1) we have, therefore, 


tension stress in A (S), me (3) 
a 
Now we have two cases for the strain in A, 


b 
(i) where Yi <eE 


In (i) the strain is purely elastic, so that 
b 
= (4) 
a 
In (ii) the strain is partly elastic, so that 
b 
plastic strain in A = |, A, (5S) 
a 


Application of the external tensional stress. 

Let us now stress this system_by an external tensional 
stress, until failure occurs in A, and let S be the value of the 
applied stress at which the failure commences. The problem 


then is to evaluate this stress. The necessary externally applied 
load to stretch A to failure 


a\F Ip) (6) 
a 
During the application of this load, A will undergo further 
strain due partly to elastic strain consequent upon the stress 
rise and partly to the remanent plastic strain. If we denote 
the remanent ductility of A as D’, then in case (i), 


D‘=D (7) 
and in case (ii) 


D D — (/,- (8) 
a 
The extension of A to fracture will be 


b 
(9) 
a 


D 


and because of the rigidity of the system it is necessary that 
the elements B also stretch by this amount. 
As before, we have two cases, 

(i) where the strain in the elements B is purely elastic, 


b 
i.e, F— -.Y., 
Y 
(ii) where it is partly plastic, 
b 
i.e, F— - E 
a 
D - 


The elastic case. 
Since the strain in the elements B is purely elastic, 


F— 
Stress change in the elements B=Y | p- a 


Y 
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and the load due to this stress = bY | . 


The sum of equations (6) and (10) gives the total e 
loading ; if this is divided by the total area, (a+ b), we 
the value of S for fracture to occur. 

bYD’ (a- b) (F ~ 
a 
(a b) 

It will be noticed that if the remanent ductility is ni| 

equation reduces to 

S=F—local stress in A, 
a result which might be expected in a completely b: 
material. Also, it will be seen that S increases linearly with D 

This equation is only valid over the range in which the 
elements B are stretched elastically, i.e.,sup to a limiting 
value of D’, given by 


b F—E 12) 
At this critical value, (11) reduces to 
bE + aF 
a b 


The plastic case. 


Beyond the critical value there is plastic deformation in the 
elements B, and S cannot be evaluated without some speci! 
knowledge of the form of the stress-strain curve in the plastic 
region. If the stress in the elements B builds up to some value 
E,, then 

bE, ak 
a b 


At the limiting value, E,— E, and if Dis large,E, approaches 
the value F. The curve of S as a function of D’ will therefore 


bE+at 
in this range, lie between the limits S P and S| 


the form of it will resemble that of the stress-strain curve 1: 
the plastic range. 

In Fig. 3 are plotted curves showing the dependence of the 
external breaking stress (S) upon the remanent ductility (D ) 
Each curve has been drawn fully in the range where the 
elements B are extended in elastic tension only, but beyond 
the critical value the form of the curve can only be indicated 
in an approximate manner. Table | shows the data whic! 
have been assumed in the construction of Fig. 3. 


TABLE I 


Tensional | Tensional Modulus Local Ratio 
Curve | breaking elastic of elastic- stress in of 
No. stress (F) limit E ity (Y) A; areas, 


(tons/sq.in)| (tons/sq.in) (tons/sq.in) (tons/sq.in) b/a 


100 70 13,400 50 


] 2 
2 100 70 13,400 70 2 
3 100 70 13,400 90 2 
4 100 70 13,400 70 | 
5 100 70 13,400 70 2 
6 70 13,460 70 
7 infinite 


100 70 ' 13,400 70 


It will be seen from the curves that the effect of the loca! 
stress upon the external breaking stress is more severe, (a) 
the’greater is the Jocal stress, and (b) the smaller is the ratio 


of areas, : Much more important, however, is the effect o! 
the remanent ductility D’; this property will correspond 
approximately with the observed external ductility of the 
material. It is evident, therefore, that the external breaking 
stress is, under these conditions, very sensitive to the ductility 
of the material. As the material becomes more brittle, the 
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external, breaking stress is reduced, and the 100 
form of the curves shows that the local stress 
can. only play an important part if the ductility 
below about | per cent. 


is 


Summary and Conclusions. 

An analysis has been made of the effect of 
local stresses existing in a material upon the 
mechanical properties of that material, and it 
has been shown that:— , 

|. Both the observed breaking stress and 

ductility may, under éuitable circum- 
stances, be reduced by the presence of 
local stresses. 

2, The reduction in the breaking stress is 

more profound, the greater is the intensity 
of the local stresses and the less is the 


EXTERNAL BREAKING STRESS 
(TONS /SQ. IN.) 


| 


ductility. 0 
3}, The effect of ductility upon the breaking 
stress, for a given local stress, is most 
important ; if the ductility of the material 
is greater than about | per cent., the 
breaking strength value is fairly insensi- 
tive to the presence of local stresses. 


REMANENT DUCTILITY (measured as 


05. 10 15 0 OS 10 
, Elong.) 


Fig. 3. Variation of external breaking stress with remanent ductility 


\. The Problem of Hardened Zone Cracking 


By D. HANSON, D.Se., A. H. COTTRELL, B.Se., Ph.D., K. WINTERTON, B.Se., Ph.D. 
and J. A. WHEELER, B.Se. 


SYNOPSIS 
The view is put forward that hardened zone failure occurs under the combined influence of local stresses (the field 
of action of which may be limited to single martensite needles) and the main transverse welding stresses Mutua 
reinforcement by stresses of these two types is only possible in materials hav ng extremely low cuctilities ; such a cond 


tion is produced in the hardened zone by its overheating during welding 
On the basis of this theory, a satisfactory explanation is provided of the alleviation of base-plate cracking by pre-heating 
delayed cooling, lining, reduction of the plate-metal carbon content and the use of mild steel and austenitic stee 


electrodes. 


A direct and most significant consequence of the theory is the considerable importance which attaches to the ductilit 


of the hardened zone 


Desirable plate-metal characteristics for reduced susceptibility to hardened zone failure are discussed in some detai 


Introduction 


The problem of hardened zone cracking in the welding of 
air-hardening alloy steels has attracted considerable atten- 
tion and given rise to much speculation, but little progress in 
our knowledge of the fundamental causes underlying failure 
of this type has resulted. A certain measure of success has been 
ichieved in correlating the incidence of cracking with the 
hardening characteristics of particular steels, but the establish- 
ment of such empirical relationships merely resuus in the 
restatement of the problem in a still more urgent form. 

It is evident that any theory which seeks to explain failure 
in any component must be primarily concerned with the 
strength of the material and the stresses acting upon it 
Hitherto it has frequently been assumed that, since cracking 
difficulties are only encountered in restrained welds, the 
reaction stresses must necessarily be of a high order of 
nagnitude and constitute in themselves the chief cause of 
cracking. The validity of this assumption is now seriously 
challenged by the work reported in Part III of the present 
report, where it is shown, both by direct measurement and 
indirectly from theoretical considerations, that the transverse 
reaction stresses existing across-butt-welded joints at failure 
may be remarkably small. Indeed, hardened zone failure has 
never been found associated with transverse reaction stresses 
greater than about 23 tons/sq. in. 

That the transverse stresses are the most important of the 
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large-scale stresses acting on restrained butt-welds may, 
however, be inferred from the controlling influence which 


they exert on the direction of crack propagation. Clearly 
therefore, the acceptance of the theory that the main trans- 
verse stresses are the chief cause of failure involves the 
assumption that the ultimate tensile strength of the marten- 
sitic plate metal is lowered to an extremely small value by the 
heat-treatment which it receives during the welding cycle 
a view which is wholly at variance with the generally accepted 


figures for the strength of such steels in the martensitic 
condition (see, for example, COTTRELL’). 


A view which has been put forward to account for these 


apparently conflicting facts is that cracking tollows immed 
ately upon, and as a direct consequence of the ree Cuie 
dimensional changes associated with the transformatio! 

martensite in the heat-affected zone of the plate This 
however, has been disproved by measurements oO! the 
temperature of cracking carried out by ROLLASON and 
CoTTrRect*. A subsequent theory, to the effect that major 


cracking results from the opening up of micro-cracks formed 
during the transformation to martensite, is also now untenable 
in view of the results presented in Part Il of the present 
report, where it is shown that both magnetic fluxmete! 
measurements and extensive microscopic study fail to detect 
any evidence of the development of mncro-cracks, until im- 
mediately prior to the occurrence of the main crack. The 
test curves presented in Part III are also in close agreement 
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with the views expressed in Part II, exhibiting the characteris- 


tic fall in load value believed to indicate the formation of 
micro-cracks immediately before the main crack is recorded, 


Theory of Cracking 


As a result of work which has been described in the fore- 
going parts of the present report and elsewhere, it is believed 
that a fundamentally satisfactory account of all the major 
features of hardened zone cracking is provided by the follow- 
ing theory. 

It is well known that the transformation of austenite to 
martensite gives rise, under suitable conditions, to a pattern 
of internal stresses on a microscopic scale existing in balanced 
equilibrium between different grains and between different 
portions of the same grain. That such stresses may rise to 
values approaching or exceeding the breaking strength of 
martensite is amply proved by the incidence of -minute 
cracks in fully hardened steels, such as has been demon- 
strated by Lucas*, and investigated further by DAVENPORT, 
RorF and Balin‘. 

The effect of such stress mosaics on the external macro- 
scopic properties of materials in which they exist has fre- 
quently been discounted, on the grounds that the application 
of any large-scale stress system. must necessarily result in 
their substantial elimination by differential local plastic 
distortion. The simple mathematical analysis which consti- 
tutes Part IV of the present report demonstrates that this 
assumption is only true if the ductility of the material exceeds 
a certain critical value. In materials having ductilities below 
this value, micro-stresses will play: an important part in 
determining the external breaking strength, and in the limit- 
ing case where the ductility is zero, the external breaking 
strength will be given directly by the difference between the 
true breaking strength and the peak value of the local stresses. 

If therefore it can be shown that the ductility of the material 
constituting the hardened zone adjacent to a weld between 
plates of air-hardening alloy steel is very small, a general 
understanding will be possible of the failure of such a nomi- 
nally strong material under very low external transverse 
stresses. There is certainly nothing in the fracturing character- 
istics of the hardened zone to suggest any marked ductility; 
indeed all investigators are unanimous in describing the 
failures which occur as essentially of a brittle type. Work 
to establish this point on a quantitative basis has been under- 
taken and preliminary results obtained by CoTTrReLL’ show 
that the percentage elongation on an air-cooled high alloy 
steel decreases progressively as the initial heat-treatment 
temperature is raised. The considerable practical difficulties 
involved have so far prevented the extension of this work to 
temperatures just below the solidus, but extrapolation 
of the curve already established to the solidus temperature 
suggests that in this range the percentage elongation is 
reduced virtually to zero. ; 

We are thus in a position to adopt the view that hardened 
zone cracking may be considered to occur by the formation 
of minute cracks under the combined influence of large-scale 
and microscopic stresses, followed immediately by the 
opening up of the micro-cracks into a major fracture under 
the influence of the main transverse stress. 


Factors Affecting Cracking 


if the theory outlined above be accepted, the factors which 
chiefly influence the formation of hardened zone cracks may 
be enumerated as follows : 


1: The magnitude of the micro-stresses existing in the 
plate metal martensite, 
2. The ductility of the plate metal martensite. 
3. The large-scale stresses developed by fhe welding 
process. . 

We may therefore profitably attempt a more detailed 
examination of these factors. Unfortunately, it is only upon 
the last of the three, which may well prove the least funda- 
mental, that specific quantitative information is available. 
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No technique has yet been devised for the precise eva! 


of stresses localised in a field of action as small as a « nol. 
martensite needle, while, as has already been stated, the « or} 


on the tensile properties of martensitic alloy steels } 
yet been extended to quenching temperatures imme: 
below the solidus. 

There are, however, two avenues of approach by 
we can study the operation of these factors. We can 
theoretical considerations, predict the probable effect of 
al important-variables on the magnitude of the local s: 
developed at the martensite transformation, while a stu 
the incidence of micro-cracks*in quenched structure 
yield information from which, while it may not be po 
to isolate the respective contributions of micro-stresse: 
ductility, a general understanding of the combined op 
tion of the two factors may be arrived at. 

Considering first factors which affect the magnitude o} 
micro-stresses, we must endeavour to form a clear idea « 
way in which these stresses develop, There are several \ 
in which the transformation from austenite to marte: 
may give rise to a pattern of local stresses. For exam 
stresses may arise due. to differential expansion in hea 
banded material, and others, on a smaller scale, may de\ 
between the individual grains owing to the fact that eac! 
transformation, seeks to undergo a volume expansion w! 
cannot wholly be accommodated by transmission to a | 
surface. Probably, however, the most important of 
micro-stresses are those operating on a still finer scale, 
stresses existing in balanced equilibrium within a 
martensite grain and alternating on a scale compa 
with the width of a single martensite needle. 

The development of such stresses may be qualitatiy: 
explained as follows. When the first martensite needle 
begin to form in a grain of austenite, the accompany 
anisotropic dimensional changes, which are believed 
include a major expansion in a direction lying in the plane 
the plate (of which the needle seen under the microscope 
constitutes a section), can easily be accommodated by the 
surrounding austenite, the yield strength of which is very lo 
Consequently only slight compressive stresses exist in 
first formed needles as they are deposited. Subsequent! 
however, as the transformation becomes more rapid and U 
bulk of the austenite matrix begins to transform, very large 
tensile stresses are induced in these first-formed needles. | 
is these peak tensile stresses, frequently acting along single 
martensite needles, which are believed to be of the greates! 
importance in the initiation of micro-cracks. This view 
in accordance with the published photographs of micro- 
cracks in martensite, such as those of Lucas*, who illustrates 
cracks extending for a length equal to the width of a single 
martensite needle only. 

Clearly the most important factors affecting the magnitude 
of these stresses will be those which operate by contro! o! 
the process of transformation and of the linear expansion 
undergone by any martensite needle as it is deposited. Thus, 
if transformation commences slowly and the dimensiona! 
changes associated with the deposition of the first needles 
have time to be accommodated by plastic deformation of the 
surrounding austenite, the final peak tensile stresses are 
likely to be correspondingly high. In the absence of an) 
specific knowledge of the way in which single austenite 
grains transform, it is necessary to consider this factor in 
relation to the dilatation characteristics of polycrystalline 
specimens. From this point of view, the most satisfactor) 
dilatation/time curves would be those which show a rapid 
initial rate of transformation, followed by a period in 
which change continues at a reduced rate. ; 

The transformation strain associated with the formation o! 
a martensite needle may be expected to be influenced by the 
carbon content of the steel, the initial heat-treatment tem- 
perature and the grain size of the original austenite. The 
first two of these factors are known to exert an influence on 
the nature of the martensite lattice produced by the trans- 
formation, high carbon contents and quenching temperatures 
favouring the establishment of a tetragonal lattice. The 
development of micro-stresses having been attributed to the 
anisotropic nature of the expansion at the martensite trans- 
formation, it will be clear that any factor such as this which 
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may. in suitably oriented needles, increase the anisotropy 
of the change, will lead to an increase in the peak values of 
the local stresses. It has been suggested by DAVENPORT, 
Rorr and Bain‘ that an increase in the grain size of the 
austenite from which the martensite transforms will similarly 
increase the magnitude of the micro-stresses developed, 
though the mechanism which they propose to account for 
this effect is not fully explained. 

When we consider evidence derived from studies of micro- 
cracking, however, we find that it is definitely established by 
the work of DAVENPORT, RorF and Barn‘ that an increase in 
the austenitic grain size causes a marked increase in the 
incidence of cracking. This cannot, however, be attributed 
specifically to an increase in the magnitude of the micro- 
stresses, aS it is possible that reduced ductility in the large- 
grained specimens might be the operating factor. Measured 
ductilities on large specimens of martensitic steel do in fact 
show a progressive reduction with increase in grain size of 
the original austenite, but here again it is not possible to 
eliminate the effect of micro-stresses on these results. The 
same is also true of the profound effect exerted by carbon 
content upon the ductility of martensitic specimens, and it Is 
in fact likely that in each of these cases the observed effects 
are partly due both to reduced ductility and to increased 
micro-stresses. Unfortunately it is, in the majority of cases, 
impossible to control the conditions with regard to grain 
coarsening in the welding cycle, but it may with confidence be 
predicted that, under the same conditions, a steel which 
undergoes considerable grain growth during the welding 
cycle will be more susceptible to hardened zone cracking 
than one which retains a fine grain size after the heat-treat- 
ment which it receives under these conditions. 

While the small scale stresses and the ductility of the mar- 
tensitic zone may be the most important of the factors giving 
rise to hardened zone cracking, the fact that the formation 
of major cracks is chiefly associated with restrained welds 
indicates that the main welding stresses, though relatively 
small, may, in many cases of practical importance, provide 
the critical stress increment required to augment the local 
stresses to the extent necessary to cause failure. Every oppor- 
tunity of minimising these stresses should therefore be taken. 
In Part Ill of the present report reference is made to many 
investigations of the magnitude of welding stresses. While 
this work is, as yet, by no means complete, the results which 
have so far emerged are sufficient for us to begin to form a 
general picture of the distribution of main welding stresses. 
Thus, for the particular case of butt-welds between 4 in. 
thick plates, we may have a transverse reaction stress of up 
to 20 tons/sq. in. in the weld, a residual longitudinal stress 
of about 10 tons/sq. in. and residual transverse stresses 
balanced along the weld but probably attaining nowhere a 
magnitude of more than 10 tons/sq. in. To these must be 
added effects such as those due to differential expansion at 
the interface between the plate metal and the weld metal, 
and stress concentration effects such as those due to notches, 
blowholes, etc. 

The influence of the various welding conditions on the 
magnitude of these stresses has, however, not been fully 
investigated. It has been shown in Part IIL from theoretical 


considerations that the effect of plate length on the value of 


the transverse reaction stress is profound; it thus emerges as 
a general principle of design that in rigid structures the effec- 
tive plate length between joints should be kept as high as 
possible. The most marked increase in transverse reaction 
Stress is probably that due to increase in plate section; in 
general, however, no adjustment of the plate thickness can 
be allowed in a particular design. No very definite recom- 
mendations can be made concerning the effect of other 
variables on the main welding stresses. Indeed, such informa- 


tion may frequently be misleading; thus, from the point of 


view of the main welding stresses, it might be thought prefer- 
able to employ alloy stee! plates for a particular application 
rather than mild steel, because of the stress relaxation afforded 
by the expansion accompanying the transformation to marten- 
site in the heat-affected zone, whereas in fact cracking would 
necessarily be more severe with such air-hardening steels, owing 
to the dominating influence of local stresses and plate metal 
ductility, 


Applications of the Theory 


We may now consider the application of the theory of 
hardened zone cracking outlined above to some other aspects 
of the welding of high alloy steels. 

A most striking feature of hardened zone cracking is its 
sensitivity to the rate at which the martensitic region is cooled 
in the temperature range below 250° C. CoTTrre_t, WINTER- 
TON and CrowTHer*® have shown that cracking may be 
avoided by suitable adjustment of this cooling rate, under 
circumstances such as would otherwise have been expected 
to give rise to major failure. The successful techniques 
consisted in either preheating the welding plates to 250° C.., 
or arresting the cooling for 10 minutes at a temperature of 
150° C. by the application of heat after welding. Suggested 
explanations of the importance of the time taken by the weld 
to cool from 250° C. to room temperature have, in general, 
been concerned with effects upon the mechanical properties 
of the martensite, and possible slight relief of the main stresses 
by localised plastic distortion of the weld. An objection to the 
former theory has always been that the effect of such treat- 
ment on mechanical properties must necessarily be small. 
The reasoning adopted in Part IV of the present report, 
however, indicates that this criticism is not a valid one, 
since it has been shown that the effect of small ductility changes 
at or near the critical value will be most profound. A second 
very probable influence of reduced cooling rates over the low 
temperature range would, however, appear to be the relief 
of the local stresses, since it is known that stress relief does 
occur in ferrous materials with time in this temperature 
range. 

The relative ease with which single-run welds can be made 
between alloy steel plates when austenitic or mild steel 
electrodes are used, compared with the susceptibility to 
cracking of welds made with high-tensile steel electrodes, has 
frequently been attributed to the ease with which weld metal 
deposited from these electrodes may yield, and so relieve the 
main welding stresses. However, in the welding test described 
in Part III, the severity of which is considerably greater than 
that of the standard welding tests, such as the Reeve test, 
welds made with mild steel electrodes cracked readily, while 
those laid from austenitic electrodes were only very slightly 
less susceptible to cracking. Furthermore, the main trans- 
verse stress has been shown to be low, while the stresses in the 
other dimensions may be not inconsiderable, so that the 
condition for general yielding, which will be governed by the 
maximum difference between any two principal stresses, may 
not be exceeded. It is probable, therefore, that only localised 
yielding takes place and that another explanation must be 
sought for the considerable success of these soft electrodes 
in practical applications. 

In the case of the austenitic electrodes, this explanation 
may be provided by the effect on the ductility of the martensite 
immediately adjacent to the interface (which, having been 
heated to the highest temperature, is likely to contain the 
highest micro-stresses) of the arms of austenitic material 
which extend into it from the weld, as suggested in Part I. 
Again, only slight ductility changes are required to account 
for a marked decrease in the susceptibility of the joint to 
cracking. In the case of mild steel electrodes also, composi- 
tion changes in the interface region, and particularly the 
tendency for carbon to diffuse from the plate metal to the 
weld, may also be expected to effect an improvement of the 
ductility of the zone immediately adjacent to the weld, as 
well as to reduce the magnitude of the operating micro- 
stresses. 

The probable effect of the carbon content of the plate 
metal on the susceptibility to cracking has also been referred 
to, and it was suggested that an increase of carbon might be 
expected both to lower the ductility of the martensitic zone 
and to increase the magnitude of the local stresses. This view 
accords well with the observed results concerning the ease 
with which steels of various carbon contents may be welded, 
for it has frequently been pointed out’ that limitation of car- 
bon content is one of the most important considerations in 
selecting a plate metal composition suitable for producing 
crack-free joints under specific practical conditions. 
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Freedom from micro-cracking has been reported by 
DAVENPORT, RoFF and Barn‘, in structures containing a 
proportion of soft constituent such as austenite in a marten- 
site matrix, under circumstances such as would readily have 
produced cracking in wholly martensitic structures. It is 
not impossible therefore that, subject to the suitability of 
such a material from other considerations, a plate metal in 
which the alloy content was so adjusted as to provide for the 
retention of say 25 per cent. of austenite in the martensitic 
zone, would prove to be less subject to hardened zone crack- 
ing than less highly alloyed plates which transformed wholly 
to martensite. 

An important practical consideration which emerges from 
the theory which has been developed is that, since the low 
ductility and high local stresses required to produce hardened 
zone failure are only found in plate metal which has been 
heat treated by the welding process to an extremely high 
temperature, it follows that any technique involving the partial 
thermal insulation of the air-hardening material from the 
zone of heat input will be expected substantially to reduce 
the susceptibility of the joint to base plate cracking. Such a 
technique is provided by the method of lining the edges of 
the plates to be welded with a layer of non-air-hardening 
material such as a mild steel. For example, in Part III of the 
present report, it was shown that cracking could be pre- 
vented from occurring when a mild steel weld was laid be- 
tween alloy steel plates, by lining the edges of the plates with 
mild steel weld deposit before laying the filling weld, in spite 
of the fact that the transverse reaction stress developed in 
the lined test was appreciably higher than that in the test 
using unlined plates. This principle may provide the basis for 
a valuable method of crack prevention where the inclusion 
in the joint of a mild steel or similar material is not un- 
desirable. 

It is significant to note further that all the established facts 
concerning multi-run welding with austenitic electrodes are 
in close agreement with the theory of hardened-zone cracking 
which has been advanced, and lead to conclusions again 
laying emphasis on the importance of the conditions existing 
in the hardened zone of the base plate. For, with the increased 
section of plate with which welds such as these are usually 
associated, and the considerably increased thermal input 
during welding, conditions for the development of large- 
scale reaction stresses are clearly much more severe than those 


The importance of low ductility of the martensite and of 
localised (tessellated) stresses on the formation of hardened 
zone cracks when high tensile steels are welded, has been 
admirably demonstrated by Hanson and his co-workers. The 
object of this note is to indicate the influence of hydrogen 
solubility and permeability as a factor in contributing some 
of the localised stresses. 

During the evelopment of special austenitic 
electrode for welding high tensile steels, it was found 
that chemically combined moisture in the coating increased 
the susceptibility of the hardened zone to cracking, owing 
to the hydrogen absorbed. In the commercial electrode 
produced, this trouble was reduced to a minimum by careful 
design of the coating. In industrial welding it soon became 
evident that austenitic weld metals of similar chemical 
composition and mechanical properties caused hardened 
zone cracking in different degrees. By comparative tests on 
this and other electrodes, Hopkin establishéd that the 


Summary of a paper on the influence of hydrogen on the weldability ef alloy 
steels, the publication of which is necessarily held over on account of the paper 
restrictions. This summary is appended to the papers by Hanson and his 
collaborators, since its subject matter is complementary to these papers. 


+ Delegate Director and Research Manager, Murex Welding Processes-Lrd. 
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for single-run welds. It would therefore be expected | 
hardened zone failure were chiefly associated with such 
cracking would occur readily in such welds in the usu 
tion. In fact it is found that, though cracking difficu|: 
encountered, they are of a quite different type from tho 
with in single-run welds. The cracks which occur do nm 
instantaneously, but seem to be associated, as discu 
Part I, with the embrittlement of the interface region 
deposition of carbides from the austenitic weld meta! 
That hardened zone cracking does not take place 
welds, in spite of the fact that the main stresses are be 
to be increased, is, however, easily understood whe 
effect of the multi-run welding technique upon the 
two factors influencing the formation of such cracks 
into account. For it will be readily appreciated that the 
treatment, provided for the plate metal martensite pro 
by the earlier runs of the joint by the process of depo 
the following welds, will both relieve the micro 
initially developed in it and improve its ductility by tempe 
In such circumstances, the effective external bres 
strength of the hardened zone is increased to a value in ¢ 
of that of the embrittled interface region, and it is therefi 
this latter position that the crack occurs. It is worthy of 
that the test on a multi-run austenitic weld reported in Part ||| 
showed that, under severe test conditions, it is possible 
ordinary base plate cracking to occur in the early runs of suc 
a weld, where the above considerations concerning 
tempering of the hardened zone do not apply. It follo 
therefore, that where such welds are used under condi 
of extreme restraint, care should be taken to see that the 
val between the laying of the welds is not sufficient fo 
weld to cool to the temperature range where hardened | 
cracks may be expected to develop. 
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The Influence of Hydrogen on Weldability of High Tensile 


Alloy Steels* 
By E. C. ROLLASON, M.Se., Ph.D.+ 


essential difference between the electrodes was their potent: 
hydrogen content. 

The development of a mild steel or ferritic electrode with lo\ 
potential hydrogen met with considerable difficulty owing 
to a consequent deterioration of welding characteristics 
Substantial progress was retarded until actual hydrogen 
determinations were made on welds by the hot vacuum 
extraction method, together with a number of tests o 
hydrogen evolution under liquids at room temperature 
Typical values of residual hydrogen content of weld meta! 
are : 

H, cc/100 gm 


18/8 Austenitic Good 9-15 
Bare Wire 2.4 
Mild Steel TiO, Type .. +: 7-11 
» Cellulose 8-10 
TIO, Type .. 4 
.. Special Lime Type 0.9-2 


As a result of this work, ferritic electrodes have been made 
with tensile strengths ranging from 29 to 45 tons per sq. in 
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on all weld metal, and capable of welding 14mm. 14 chro- 

mium-molybdenum steels with carbon up to 0.3 per cent., 

having a hardened zone of 470 D.P.H. 

4 few condensed conclusions from this work are :— 

(1) The hydrogen content of ferritic welds affects the 
hardened zone cracking. Normal mild steel welds 
contain considerably more hydrogen than is necessary 
to cause embrittlement. The maximum limit appears 
to be about 4 cc/100 gm., while reduction to 1-2 
cc/100 gm. vastly extends the weldability. 

(2) The hydrogen contents of austenitic welds can be 
considerably higher than in ferritic welds without loss 
of weldability. 

(3) The average hydrogen content of the hardened zone 

for a number of steels appears to be 1-2 cc/100 gm. 

and it is possible that segregation of hydrogen produces 
localised high concentrations. 

Gross segregation of hydrogen occurs in weld and 

heat-affected zones and analysis depends on the posi- 

tion of the sample, e.g. 

Mild Steel weld. Centre 14.3 Outside 7.0 cc/100 gm. 

Special Mild Steel weld. Centre 0.9 Outside 2.2 

cc/100 gm. 

(5) Surface beads contain less hydrogen than butt welds 
made with similar electrodes, and this is a factor in 
favour of the precoating or buttering process. 

(6) Preheating of the sample produces slightly lower average 
hydrogen contents in the heat-affected zone. 


> 


Theory 

To explain the influence of hydrogen on weldability, the 
following theory is suggested. 

|. Hydrogen compounds, especially combined moisture in 
the electrode coating, are dissociated in the arc and the 
atomic hydrogen absorbed by the weld in large quantities. 

2. The solubility of hydrogen is greater and the perme- 
ability less in the y than in the & iron, and the permeability 
in « and y¥ iron decreases very rapidly below $00” C., e.g. 
approximate values are :- 


PERMEABILITY SOLUBILITY 
‘ (Equilibrium) 
Temp. ” C. cc/sq.mm./hr. (NTP) cc/100 gm. 
500 0.018 0.26 4.0 0.75 
100 0.000000034 0.00026 0.9 0.02 


3. As the steel cools the solubility of hydrogen steadily 
decreases to the y— « change point. Then a sudden decrease 
takes place, and if supersaturation occurs, the hydrogen 
can either diffuse away, provided time and permeability are 
favourable, or at low temperatures precipitate at all dis- 
continuities, inclusions, boundaries, cracks in martensite 
needles, as molecular hydrogen; in which case high pressures 
are produced, causing triaxial stressing, equivalent to reducing 
the ductility of the metal. This embrittling effect is more 
pronounced in hard, brittle material. 

4. The temperature of commencement of the y — martensite 
change is largely a function of the carbon content of the 
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plate, while the alloying elements. mainly affect the rate of 
cooling necessary to prevent austenite decomposition at Ar,. 
Carbon, hydrogen and large grain size tend to stabilise austenite 
and lead to retained austenite at room temperature. The de- 
composition of the hydrogen-rich austenite is a function 
of time as well as temperature and the diffusion of hydrogen 
into voids also requires time, and hence provides a reason 
why there is frequently a ‘‘period of induction’’ before 
cracking occurs, and why the temperature of crack formation 
is lower than Ar’, 


Austenitic Weld 


The weld can retain 9-32 cc/100 gm. hydrogen in super-satur- 
ated solution down to room temperature. When martensite 
begins to form in the hardened zone (at 350-200" C.) from 
the outer edge of the zone towards the weld junction, hydrogen 
is expelled and will tend to concentrate at the junction. 
Diffusion into the austenite weld will be slow and a high 
pressure might develop at the interface and around carbide 
films. If cracking occurs at all it would be expected to occur 
at this stressed interface, where dilution of weld metal in- 
creases the hardness. More stable austenite welds (e.g. 
25/20) would be expected to be less affected than 18/8. 


Mild Steel 


With normal mild steel weld metal containing 8-12 cc/100 
gm. hydrogen, the y — « change is complete at about 600° C. 
and the equilibrium solubility is about 1.3 cc/l00gm. A 
highly super-saturated condition exists, which causes hydro- 
gen to diffuse into the heat-affected zone which, in its austenitic 
condition has a greater solubility for hydrogen. Decomposi- 
tion of the heat-affected zone concentrates hydrogen in the 
last remnants of austenite, the delayed transformation of 
which ejects hydrogen into imperfections in martensite 
needles and finally initiates, in conjunction with the other 
stresses, a hard zone crack due to pressure produced. Pre- 
heating has the dual effect of producing less brittle martensite 
and allowing more time for a less critical distribution of 
hydrogen. The higher the y « change temperature, the 
more uniform the distribution and the greater the removal of 
hydrogen by diffusion, hence the additional advantage of 
retarding the rate of cooling during welding. 


Dead Soft Mild Steel 


Even with a somewhat high potential hydrogen content 
in the electrode, its high proportion of Fe,O, reduces the 
hydrogen content to about 4cc/100gm. (FeO 2H=Fe-- H,O). 

Porosity in the weld also enables some hydrogen to be 
‘*fixed’’ in the molecular form; consequently hydrogen 
appears to be reduced to the upper limit at which improved 
weldability results. 

An advantage of the austenitic weld, due to the absence of 
change point, is its ability to retain moderate quantities of 
hydrogen at room temperature. There is, therefore, less 
tendency to build up high hydrogen pressures in the hardened 
zone. 

The ferritic weld is readily supersaturated with hydrogen 
and the advantage of the special ferritic welds is the reduction 
of hydrogen absorbed, so that high hydrogen pressures are 
avoided in the hardened zone. 


Acknowledgments are made to Mr. H. W. Mance for all 
the hydrogen determinations; to Mr. R. H. W. Jones for 
some of the early welding tests; to Murex Welding Processes 
Ltd., in whose research laboratories the work was carried out. 
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A Suggested Cause and a General Theory for the Cracking of 
Alloy Steels on Welding* 


By G. L. HOPKIN, B.Sc. 


The subject matter of this paper is a resume of various reports issued by the Armament Research Department, Ministry of 


(1) A suggested cause for the cracking of alloy steels on welding, by G. L. HOPKIN, March, 1942. 
(2) The welding of high alloy high tensile steels with ferritic electrodes with controlled hydrogen coatings, by G. L. HOPKIN 


and E. Li. EVANS, August, 1943. 


(3) A general theory on the cracking of alloy steels on welding, by G. L. HOPKIN, December, 1943. 
The reports have been discussed by various Departmental Committees and Manufacturers’ Committees and practical use 


has been made of the findings. 


Introduction 
It is now well known that the welding of alloy steels can 
present difficulties by the formation of cracks in the heat- 
affected zones of the payent plate adjacent to the weld 
deposits. It is also well known that the tendency to cracking 
can be controlled by various expedients, such as preheating, 
the use of large gauge electrodes and high currents. All 
these methods of control reduce the hardness of the heat- 
affected zones, and in accounting for this apparent connection 
between susceptibility to cracking and the hardness of the 
heat-affected zones it has been assumed that the formation 
of cracks was associated with the intrinsic brittleness of 
the martensite formed in these zones, in combination with 
the multi-axial stresses which are present around a weld joint. 
Various researches, particularly those of Reeve’ and 
DOAN and Stout’, have made use of the hardenability of 
the parent plate, either directly or indirectly, for assessing 
the weldability, that is susceptibility to cracking, of the 
steel. A fairly good indication of the weldability of the parent 
steel can be obtained by these methods when ferritic elec- 
trodes are used. When austenitic or oxidised ferritic ** dead 
soft’’ electrodes are used, however, much higher carbon and 
alloy content steels can be satisfactorily welded. These 
somewhat anomalous differences suggested that the com- 
bination of hardness and stress was not the only factor and 
possibly not even the most important factors contributing 
to failure. The investigations outlined in this paper were 
therefore conducted to establish what other influences might 
be present and also, if possible, to obtain more precise 
information on the fundamental causes of cracking. 


Investigation 


Throughout this work a test known as the ‘*R.D. Rigid 
Butt Joint Weldability Test’’* has been employed for assessing 
the tendency of the various electrodes to produce cracks. 
This test is essentially a restrained butt joint, in which 
the restraint can be varied by altering the width of plates 
behind the butt weld. The maximum width of plates employed 
was 6 in. and the minimum restraint was provided by plates 
only 24 in. wide. Standardised conditions were maintained 
in all tests, the only variable introduced being the degree 
of restraint. 

As previously stated, it has been known for many years 
that austenitic electrodes were capable of welding steels of 
higher carbon and alloy contents than ferritic electrodes and 
it is now more or less universal practice to use austenitic 
electrodes for the welding of difficult steels, It has been 
reported by Reeve (/oc. cit) and confirmed by other workers 
that oxidised ferritic electrodes are also superior to ordinary 
ferritic electrodes. Such electrodes, however, are not widely 
used on account of their poor running characteristics and 
the poor mechanical properties of the deposit. 

During the course of an investigation on the welding, 
with austenitic electrodes, of high alloy high tensile steels 


* Summary of a Paper on the Cracking of Alloy Steels on Welding, the 
publication of which is postponed on account of the paper restrictions. This 
summary is appended to the Papers by HANSON and his collaborators, since its 
subject matter is complementary thereto. 

Reprinted from Meral Treatment, Sum net issue, 19 44. 


of the type roughly covered by B.S.S.5005/502, (carbon 0.3 per 
cent., nickel 3.5 per-cent., chromium 1.25 per cent., molyb- 
denum 0.25 per cent.,) in thicknesses up to § in., it became 
apparent that austenitic electrodes of the type chromium 
19.0 per cent., nickel 9-10 per cent., plus molybdenum and 
manganese varied considerably in their tendency to induce 
cracking. Some electrodes were capable of welding 6 in 
wide R.D. butt tests, whereas other electrodes, which had 
even approximately the same deposit composition, were 
incapable of welding without cracking R.D. butt tests of 
only 34 in. wide. Here, therefore, appeared to be fairly 
direct evidence of abnormality, as the tests had been con 
ducted under identical conditions. This evidence of ab- 
normality was more direct and positive than the apparently 
somewhat abnormal difference thought to exist between the 
three types of electrodes (austenitic, ferritic and oxidised) 
because between the three types differences of composition 
and mechanical properties of the deposits existed, which 
could be used as a basis for explaining the different behaviours 
These differences and the theories built around them are 
discussed in greater detail later. 

Prior to the above mentioned experiments, it had been 
thought that cracking was associated with brittleness in the 
heat-affected zones induced by the presence of multi-axia 
stresses and martensite, but when it was found in the above 
experiments, in which the embrittlement due to such causes 
should have been approximately the same, that a great 
difference existed, the question arose whether additional! 
embrittling effects could be introduced by one electrode 
and not the other. Now, it is well known that hydrogen can 
embrittle steels very seriously either in the cold, during pick- 
ling, or as a result of hydrogen absorption at high tempera- 
tures, from atmospheres containing hydrogen. It was 
considered possible therefore that hydrogen might be the 
factor causing the excessive embrittlement with certain 
electrodes, the source of hydrogen being the flux coating, in 
which it could exist either in the form of water, absorbed 
or combined or as organic material, and from which 
hydrogen could be produced by dissociation in the heat 
of the arc. If this source of hydrogen could be removed, 
fairly direct evidence of its effect could be established 
To save making special low-hydrogen flux-coated electrodes 
at this stage, it was decided to bake some of the poo! 
austenitic electrodes, that is electrodes which would not 
weld a 34 in. wide R.D. rigid butt joint test, at a sufficiently 
high temperature to break down some or all of the combined 


water which might be present, and at the same time drive off 


the absorbed moisture and destroy any organic materia! 
A number of poor electrodes were therefore baked at 640° C. 
for 1 hour and R.D. butt tests made with them. Three differ- 
ent makes of electrodes, A, B and C, which had previously 
been incapable of welding 34 in. butt joints satisfactorily 
Welded 6 in. wide test plates after the baking treatment. A 
fourth electrode, D, even showed a marked improvement 
after baking at 105° C. Electrode A showed some improve- 
ment after baking at temperatures fromi 640°-120° C. but 
the improvement in this electrode was not as great as shown 
in electrode D after baking at 105” C. 

To test whether a good electrode, that is one which in the 
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normal condition would satisfactorily weld a 6 in, wide test, 
could be made to fail in a manner similar to that of a poor 
electrode, by the addition of hydrogen, the following experi- 
ments were performed. (1) Welds were made with good 
electrodes, with an additional coating of kaolin and sodium 
silicate. (2) Welds were made with good electrodes, with a 
jet of hydrogen directed at the arc from close range. Both 
test pieces cracked badly, the failure in No. 2 experiment 
being more severe than in No. 1. Thus the addition of 
hydrogen either indirectly or directly to a normally satis- 
factory deposit caused serious failure. 

in an endeavour to obtain more information on the 
functioning of the various hydrogen-containing materials 
in a flux coating, chemical analyses were made by the normal 
direct-combustion method and, in addition, the moisture 
content was measured by loss in weight after heating at 150° C. 
From these results information on he total hydrogen content, 
the hydrogen derived from absorbed moisture and from the 
combined form, was available. The following three rather 
interesting facts were obtained from these and the butt 
test results. 


(1) Good electrodes had either lower total hydrogen 
contents than poor electrodes or-a lower content of 
hydrogen in the combined form. 

(2) Poor electrodes which were improved by baking at 

105° C. had a moisture content which corresponded 

to a high proportion of the total hydrogen content of 

the electrode. 

Poor electrodes which were improved only by high 

temperature baking had a combined hydrogen content 

which formed a high proportion of the total hydrogen 

content of the electrode. 


To appreciate further these features, it should be borne 
in mind that the absorbed moisture content of an electrode 
can be reduced during the actual operation of welding 
by the heating up of the electrode, so that a proportion 
of the absorbed moisture can be lost from the coating before 
it can enter the confines of the arc. This can be readily 
demonstrated by running a few inches of an electrode and 
then placing the remainder of the rod on a cold metal plate. 
After a short time the water vapour will condense on the 
plate along the whole length of the electrode. 

It will be readily appreciated that, with electrodes which 
contain a high proportion of absorbed moisture, only a portion 
of this content can be removed during welding, on account 
of the short time available, and so the remaining content will 
be available for dissociation in the arc. 

The conclusions drawn from these various experiments 
were that the removal from a poor electrode of potential 
hydrogen very greatly decreased its tendency to cause 
cracking and the addition of hydrogen to a good electrode 
greatly increased its tendency to cause cracking. This 
knowledge was of first-rate importance, as a_ hitherto 
unsuspected factor had been found to have such a profound 
influence on the incidence of cracking. 

It might well be asked why this influence of hydrogen had 
not been detected previously. If it is borne in mind, how- 
ever, that the various expedients used to reduce the hard- 
ness of the rehardened zone would at the same time assist 
very materially in the diffusion and removal of hydrogen 
from the weld metal and heat-affected zones, it will be 
appreciated that the effects of hydrogen would be completely 
masked and the only measurable difference conferred by the 


so that it was decided to make some ferritic electrodes designed 
to have a low total hydrogen content. In addition a series 
of electrodes with an increasing hydrogen content but of 
the same basic formula was also made. R.D. butt tests made 
with these and commercial electrodes confirmed the deleterious 
effects of hydrogen found with the austenitic electrodes. 

It was found that the laboratory-made low hydrogen- 
content electrode was far superior to any of the others 
tested and that, as the hydrogen content increased, so 
the susceptibility to induce cracking also increased, the 
most marked effect being shown with cellulose coated 
electrodes. In this series of tests a commercial oxidised type 
of ferritic electrode was also included; this electrode showed 
the same degree of freedom from cracking as the laboratory- 
made low hydrogen-containing electrode. This result 
therefore, confirmed what other workers had reported. 


A General Theory for the Cracking of Alloy 
Steel on Welding 


Discussion 

The cracking of alloy steels on welding has in the past 
been attributed chiefly to the intrinsic brittleness of marten- 
site, produced by the heat of welding in the heat-affected 
zones of the parent plate adjacent to the weld deposit 
Multi-axial stresses also undoubtedly play their part in 
enhancing embrittlement, but published information on the 
quantitative estimation of these stresses is very small and 
very vague. 

When it was found that austenitic deposits showed a greater 
freedom from inducing cracking than ferritic deposits, 
it was assumed that the mechanical and/or thermal 
transformation properties of the deposit or fusion zone 
associated with austenitic deposits were superior to those 
associated with ferritic deposits. When it was found, as 
reported earlier in this paper, that austenitic and ferritic 
deposits varied in their tendency to crack production with 
variations in the hydrogen content of the flux coatings, 
it became evident that the mechanical and/or thermal! 
properties of any one type of deposit, that is, austenitic o1 
ferritic, could only be regarded as having a small effect in 
comparison with the embrittling effects of hydrogen. 

While this knowledge was extremely interesting, it was stil! 
necessary to explain why different types of deposits, that js 
austenitic, oxidised, ferritic and ordinary or killed ferritic 
deposits, showed widely different susceptibilities to cracking 
even when their hydrogen contents were approximately the 
same. In other words, why were austenitic electrodes very 
much superior to killed ferritic electrodes and why were 
ferritic electrodes superior to killed ferritic electrodes, even 
when oxidised electrodes had a higher hydrogen content ” 

These differences were difficult to explain by existing 
theories based on differences in mechanical properties of the 
three types of deposits, as it was considered that the differences 
in mechanical properties, as determined by tensile tests, were 
insufficient to cause such marked differences in their ten 
dencies to induce cracking. Examination of the average 
mechanical properties of nine representative commercial 
electrodes of the austenitic and ferritic types and one com 
mercial oxidised ferritic type given in Table | might perhaps 
illustrate this point. 


treatment would be in a reduction in hardness. This is TABLE 1 
probably the origin of the theory of cracking based on the Mechanical Properties of Weld Deposits from Commercial 
brittleness af martensite. Electrodes 
Ferritic Electrodes Ultimate Izod 
Type of | Yield Point Strength Elonga- | Impact 
After it had been established with some degree of certainty Deposit | Tons/sq. in. | Tons/sq. in. tion ‘ ft-lb 
that the presence of hydrogen was important in controlling | : 
the tendency of austenitic electrodes to induce cracking : 
consideration was. given to the possibility of hydrogen being Austenitic 25 4? 37 47 
a major factor when ferritic electrodes were used. Killed ct 
A selection of different makes of commercial ferritic ferritic 26 32 +4 61 
electrodes was, therefore, baked at 640° C. preparatory to Oxidised | 
tests but this treatment either seriously altered their ferritic 18.5 24.5 3? 3 
running characteristics of caused the flux coating to crack off, (one example) eT a gl t | 
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From Table I it can be seen that there is not a great deal 
of difference between the properties of austenitic and killed 
ferritic deposits, except as regards the ultimate strength but 
as the weld metal itself does not fracture with either type 
this difference is of no importance. 

It will be observed that the yield point of oxidised weld 
metal is much lower than that of either of the other types, 
but as regards resistance to cracking an oxidised deposit is 
only superior to the killed ferritic type. Thus it would appear 
that the presence of a low yield point is not in itself the 
controlling factor. 

It has been argued that austenitic materials are more ductile 
under multi-axial stress conditions than ferritic materials. 
This is undoubtedly true for wrought metal but if the Izod 
impact test is any guide to ductility under multi-axial stress 
conditions, it is obvious from Table I that in the cast or de- 
posited state austenitic materials lose their superiority and 
are on the average inferior to ferritic deposits. From these 
results, therefore, it cannot be argued that austenitic deposits 
are more ductile than ferritic deposits under tensile or 
multi-axial stress conditions. 

A factor which is vastly different in austenitic deposits 
and must be given some consideration is the fusion zone. 
Some investigators have attributed the superior results 
obtainable with austenitic deposits to this factor, but as 
joints made with austenitic electrodes invariably fracture 
through this zone, in butt welds, and joints welded with 
ferritic electrodes fracture in the parent plate about 4 in. 
away from this zone, it would appear that the fusion zone of 
the latter is actually superior to the fusion zone in the former. 
The fusion zone in welds made with austenitic electrodes 
cannot, therefore, be the controlling factor. 


General Theory 


If as argued above the differences in mechanical properties 
of the various types of deposits were not the controlling factor 
in inducing cracking, it was wondered, bearing in mind the 
important effects of the hydrogen content of the flux coating, 
how the various types of deposits reacted as regards evolution 
and retention of the gas. 

It is known that austenitic materials have a greater solu- 
bility for hydrogen than ferritic materials and that an oxidised 
steel (e.g. a ‘‘rimming steel’’) will retain hydrogen in the 
small blowholes always present in such steels. It is also 
known that the hydrogen content of liquid steel decreases as 
the oxygen content increases or as the manganese content 
decreases. These known effects, therefore, provide informa- 
tion on the reactions which might occur with the three 
different types of weld metal. (1) Austenitic weld metal 
should retain all or a high proportion of the hydrogen in 
solution, depending on its percentage. (2) Ordinary ferritic 
weld metal should throw the hydrogen out of solution, owing 
to its low solubility. (3) The oxidised type of weld metal, 
comparable with rimming steel, would throw the hydrogen 
out of solution but a high proportion of the gas would be 
retained in the weld metal in blowholes and cavities, etc. In 
addition, it is probable that some of the potential hydrogen of 
the flux coating would react with the oxide present in the 
liquid phase and be evolved as steam, with consequent decrease 
of the hydrogen content of the metal. 

The mechanism whereby these varying amounts of diffusible 
hydrogen become effective can perhaps be explained as 
follows. During welding the gas envelope around the arc 
contains hydrogen or hydrogen compounds which dissociate 
and the hydrogen goes into solution with the molten metal. 
During the same period it is considered that the highly heated 
parent plate around the weld metal also picks up hydrogen 
both from the envelope and the weld metal. On the 
completion of welding, the weld metal has a high hydrogen 
content and the adjacent parent plate also contains hydrogen, 
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but probably in 
metal. 
slowly through steel even at room temperature, in the 


lower 
Now it is well known that hydrogen will qi 


concentration than the Weld 


tion of lower concentration. Therefore in the case of veld 
metal which throws hydrogen out of solution, for example 4 
ferritic deposit, the hydrogen will diffuse out of the - 


metal towards and into the heat-affected zones of the | 
plate, which contain a lower concentration of the gas 
the same time as this is happening, however, the hyd 
contained in the heat-affected zones will be diffusing 
adjacent plate material of still lower concentration. 1 
nett effect is that the hydrogen content of the heat-affected 
zones is maintained at or increased from that present 
mediately after deposition, according to the persistence o/ 
diffusion of hydrogen from the weld metal. 

With austenitic weld metals the deposit retains the hydrogen 
in solution and so no diffusion of hydrogen takes place into 
the adjacent heat-affected zones of the parent plate; but the 
heat-affected zones which contain hydrogen, due to absorp 
tion from the weld metal and envelope at high temperatures. 
are losing hydrogen by diffusion to adjacent plate materia! 
of lower concentration. The nett effect in this case is for 
the hydrogen content of the heat-affected zones to decrease 

With oxidised weld metal, a half-way stage of hydrogen 
diffusion from the weld meta! exists. In this case the atomic 
hydrogen, which is coming out of solution from the ferrit 
diffuses into the small blowholes and cavities present and 
remains in these cavities etc. as non-diffusible molecu 
hydrogen. A percentage of the atomic hydrogen thr 
out of solution will undoubtedly diffuse through intc 
parent plate but this percentage will be less than with killed 
ferritic deposits, although greater than with austenit 
deposits. 

We have, therefore, an explanation of how varying amount 
of diffissible hydrogen can enter the heat-affected zone 
the three types of electrodes. Bearing in mind the theor 
hydrogen embrittlement suggested by ZAPFFE‘, it is unde 
standable why the susceptibility to cracking therefore decreases, 
if oxidised weld metal is used instead of killed ferritic weld 
metal and further decreases if austenitic deposits are used 
in place of oxidised ferritic deposits. The main feature of the 
above suggested theory, therefore, is the amount of hydrogen 
which diffuses into the somewhat brittle and stressed heat 
affected zones in the cooling down process and also at room 
temperatures. 

Some tests have been conducted to establish the theory 
outlined above. These tests were carried out by measuring 
the volume of gas, which on analysis was found to be at 
least 95 per cent. hydrogen, which diffused out of a smal! 
single bead deposit at room temperatures and also on heating 
in a vacuum to obtain the residual hydrogen content. A large 
number of tests are still in progress. The results to date show 
that at room temperatures the killed ferritic deposits evolve 
2-3 times the volume of hydrogen in the cold which 1s 
evolved by the laboratory-made low hydrogen-containing 
electrodes and that these in turn evolve about 2-3 times the 
gas given off from the oxidised deposits. With the austenitic 
deposits little or no gas is evolved. 

These results, therefore, offer very strong confirmation 
of the theory outlined above. It is considered that this theory 
can be used to solve many of the problems which could not 
be solved by previous theories and it is felt that progress in 
the welding of alloy steels will be greatly assisted by the 
knowledge that hydrogen has such important effects. 
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The Measurement of Energy _ 
Absorption in the Tee-Bend Test 


By Leon C. Bibber' and Julius Heuschkel’ 


HE tee-bend test as used by the Navy Depart- © ,,,.(000D>>PooT Co i 
ment§ was designed to provide a measure of the 
could endure when subjected to extreme damage such as) 
would result from grounding, collision, torpedo and mine 
explosions, etc. The continuous member of the tee rep- 
resented the shell plating and the stem of the tee simu- 9 SeseeGeeGeener 4cecneeuee t 
lated internal framing, bulkheads, etc. If the framing or G tt ttt 
bulkheads of a welded ship crumpled so that severe + 
bending tension obtained at the toes of the fillet welds © oH 508 
and the shell plating remained intact or did not crack 
completely through so as to violate the watertight integ- 
rity of the ship, the performance of that welded structure 
The tee-bend test was selected as a measure of per- 2 Foytrrpoi oan 
formance because it simulated the conditions described 
above, namely, it subjected the toes of the fillet welds to SS ae eee ; 


severe concentrations of stress and it used an actual 
welded joint; in fact, the tee is the most used joint in 
shipbuilding. 


DEFLECTION "D0" (INCHES) 


Apparatus and Procedure, Navy 


The bending apparatus consists of a series of jigs hav- 
ing the geometrical proportions shown in Fig. 1. These 


° Presented at an open meeting of the Weldability Committee, Welding 
Research Council, during the Twenty-Fifth Annual Meeting, A.W.S., Cleve- ee 6 - 
land, Ohio, Oct. 16 to 19, 1944 

elding Engineer, Carnegie-Illinois Steel Corp. : 1 late 

+ Rese: arch Engineer, Westinghouse Electric & Mfg. Co Fig. 2—Deflection Angle Diagram for In. Plates 

_§ “The Tee-Bend Test to Compare the W elding Quality of Steels,’ by 
A. Ellinger, A. G. Bissell and Morgan L. Williams, Take 
JourRNAL RESEARCH SupPL., March 1942. 

jigs force the specimen through an angle of 120°, and the 


Pp maximum load, the angle at that load and the type of 
fracture are noted. The angle at any deflection is de- 
4 termined from a curve similar to that owt in Fig. 2. 
& 5 The tee-bend test as practiced by the Navy Depart- 
z ’ —— 7 ment requires the specimen to bend to a total angle of 
~NIy] , Sh. 120°. The angle at maximum load is required to be 60° 
“7 \/ | Type 0—no failure of any kind (satisfactory 
. ~ od Type 1—tearing back along the bond but not into the 
| base metal (satisfactory). 
—_2 | Type 2—tearing into the base metal but not progress- 
ing completely through the member (satisfactory). 
Type 5—cracking or tearing completely through the 
member either rapidly or slowly (unsatisfactory). 
Fig. 1—Proportional Dimensions of Tee-Bend Specimens and 
Testing Conditions (U. S. Navy) The four types of fractures are illustrated in Fig. 3. 
609-s 
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TYPE O- NO FAILURE OF ANY KIND. 


TYPE |-PARTIAL TEAR ABOUT PARALLEL TO 
WELD BOND OR HEAT AFFECTED 
ZONE. DOES NOT TURN DOWN 
ACROSS PLATE. 


TEAR 


SHARP BREAK~ 


TYPE 2-PROGRESSIVE, INCOMPLETE 
TEARING ACROSS PLATE. 


The maximum Vickers hardness of the base metal is 
also noted. 

Much experience with this test has indicated that, as 
used by the Navy Department, it has several deficiencies: 

(a) The nominal weld size used is one-half the plate 
thickness. The tolerance on the size gage is plus !/j in. 
This is a variation of 25% in size and 56% in volume for 
1/,-in. plates. This tolerance, which was originally in- 
tended for construction, is perfectly satisfactory for that 
purpose but is not sufficiently accurate for research test- 
ing. 

(b) The exact angle at which failure starts is difficult 
to determine accurately. 

(c) The angle at maximum load is difficult to deter- 
mine accurately. 

(d) The exact classification of the type of fracture is 
often difficult and is sometimes a matter of opinion. 

(e) The classification of a steel as unsatisfactory for 
the reason that a sudden complete failure occurred after 
a large angle of bend had been reached is questionable. 

(f) Another factor which enters into the problem and 
is not taken into account in the tee-bend test as now used 
by the Navy is the strength of the base metal. The 
ability to absorb energy during deformation is a function 
not only of distance but also of force. In designing struc- 
tures to absorb energy both are important. 
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TYPE 3-COMPLETE FAILURE ACROSS PLATE. 


Fig. 3—Types of Failure of Tee-Bend Specimens 


Deformation Energy in Making the Tee Bend 


In view of the above, a modification of the test involv- 
ing energy measurement has been developed by the 
authors during the past few years. It is tentatively 
called “‘the welded tee-bend-energy test. A large amount 
of work has been done with the '/2 in. thickness. Work 
on the '/, in. and lesser thicknesses has but barely started 
and little work has been done on thicknesses greater than 
1/, in. However, sufficient promise is seen in the '/:-in. 
results thus far obtained to warrant a presentation of the 
method, together with representative data, for consider- 
ation. 


Specimens 


A T-shaped specimen is formed as shown in Fig. 4. 
Proportional dimensions are given in Fig. 5. The only 
difference between this specimen and the Navy type is 


Fig. 4—Tee-Bend Specimens in !/;-In. Plate 
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that in the former the weld size is directly proportional 
to thickness, °, 5/,7, whereas in the latter, the weld size is 


joint from which the '/2-in. specimens are cut is 
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12 FOR 1/2” 
1S FOR 34° 
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Fig. 5—Proportional Dimensions and Testing Conditions for 
and */,-In. Tee-Bend Specimens 


shown in Figs. 6 and It will be 
seen that a rather large plate is used 
in order to ensure sufficient mass to 
approximate the quenching ability 
of a structure of large size, and to 
provide the welder with several prac- 
tice increments before reaching the 
area which is to be tested 


Plates 


The original standard plate from 
which the different joints were cut is 
shown in Fig. 8. It will be seen that 
two joints were provided to be welded 
in the as-rolled condition, and two in 
the normalized. These four joints 
were so arranged that the length of 
the specimens was parallel to the 
direction of rolling and the weld was 
transverse thereto. This type is 
called a longitudinal specimen and 
is the usual type. Recently consid- 
erable work has been done on trans- 
verse specimens, that is, specimens 
in which the length of the specimen 
is transverse to the direction of roll- 
ing. When such a joint is desired, 
it is cut as shown. 

Che normalizing of plate material 
before welding was originally required 
by the Navy Department to remove 
the effects of rolling. We have fol- 
lowed this practice for some years 
but now believe that since structural 
plate is generally not used in the 
normalized condition, the testing of 
such plate need not be continued. 


be made if necessary. 


can be obtained if desired. 
ard plate will be as shown in Fig. 9. 
considerable material remains so that certain retests can 


Operations Before Welding 


POSITION JOINT DURING WELDING SO THAT 


MACRO AND 
MICROGRAPHIC SPECIMENS 


INT TO COOL TO INITIAL 


Fig. 7—Specimens and Discards Machined from Joint in '/,-In. 
Plate 


TEMPERATURE BETWEEN 
DEPOSITION OF EACH 


COMPLETE WELO, 


BUT NOT 


From the as-rolled plate data, on the performance of 
longitudinal specimens as preheated and as postheated 
Accordingly, our new stand- 
It will be seen that 


All plates and stems are automatically torch cut to 
size. For normalizing, plates are held at 1675° F. for 
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Fig. 6—Details of Welded Joint and Tee-Bend Specimens in ' 
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i/, hr., followed by cooling in air. The stem is tacked to 
the plate at the ends only so that no heat effect from the 
tacking exists in the regions to be tested. The exact 
length of the increments is marked with chalk on the 
olate before welding, as shown in Fig. 7. 


[he greatest care is used in manual welding to attain 
maximum uniformity. All welds are deposited in defi- 
nite increments as shown in Figs. 6 and 7. 

Preliminary experiments were conducted in which 
welds of the actual average size used by the Navy in 
some of their tests were made and the length of electrode 
consumed in making a specific length of weld was de- 
termined. The results of these tests were used to estab- 
ish a volume control of the size of weld. This is accomp- 
lished by controlling the length of electrode consumed per 
increment. The original welding schedule was to deposit 
the 2''/y-in. increments shown in Fig. 6 with 9%/, in. 
+ '/,in.) of 5/s:-in. diameter electrodes, using the fol- 
lowing electrical conditions and speed: amperes, 130; 
arc volts, 27; speed of are travel, 2.55 in. per minute; 


| | 


Fig. 10—Actual Prints of Fillet Welds in '/,-In. Plate 


length of time between deposition of increments, 45 sec.; 
all joints positioned so that axis and face of weld are hori- 
zontal. Recently 145 amp. and a speed of 2.85 in. per 
minute have been used. This gives the same heat input 
per inch. 

The type and make of electrode are very important 
in this test and the AMERICAN WELDING Society Classi- 
fication E-6010 has been regarded as a standard and is 
therefore now recommended. It would be impossible 
to use the above conditions with all types and makes of 
rod. 

It will be seen from Fig. 6 that three increments of 
weld are deposited before the part of the joint which is to 
be cut into specimens is reached. During that time the 
welder is able to judge his speed and electrode consump- 
tion with such accuracy that practically the exact amount 
of electrode is generally used in making the required 
length of increment. In no case, however, does the error 
exceed '/, in. of electrode. This is an error of 2.6% of 
electrode volume, which represents an average welding 


Fig. 11—-Multiple-Saw Arrangement for Machining Specimens 
from Joint 


size error of about 1.39. This maximum percentage of 
error in a °/;.-in. fillet is about 0.004 in., a variation in 
size far too small to be controlled by any but volumetric 
means. With the welding conditions, that is, voltage 
and amperage, and the volume of weld metal to be de- 
posited in a given length of weld controlled so closely, it is 
believed that any attempt to measure or control the size 
of weld by gages is unnecessary. 

In Fig. 10 are shown typical prints of the contours of 
the welds used. From the standpoint of machined 
notches these contours would appear somewhat irregu- 
lar. From the standpoint of welding, however, the fillets 


Fig. 12—-Method of Hardness Testing 
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are remarkably smooth and are better than those pro- The welding can be done by an automatic welding ma 
duced in actual service. The irregularities seen in these chine, but by exercising the simple precautions outlined 
views vary from point to point throughout the length of above, manual welding can be done very quickly and ac. 
the joint, but in all cases the average size must be */;,in. curately. 
within the tolerance mentioned above. The actual size Welding is done at 70° F. and at — 20° F. on plates in 
of a °/,-in. fillet is drawn on the 
welds so that an idea of how closely JIG FRAME 
these welds conform to the ideal size o ny or pe 
may be obtained. / TESTING MACHINE. 
As soon as the welding of an incre- 
to flow ahead. If the time interval P 
is long enough (without being ex- suoinc POSITION 
cessively long) the heat will have COMPLETION F 
progressed forward sufficiently so =744-4 
that there would be considerable FAILURE 
preheat in the plate at the time the SLIDING 
next increment is deposited. Some S CENTERING nei ; 
delay must occur between the de- SPECI gro --4 ROL 
position of succeeding increments in A) 5 (ENERGY ) FOR 
manual welding, and in order to ob- (GUIDING CROSSHEAD \ = 
tain uniformity of this condition, the (moves uP wit Loan SCALE ROL 
| SPecimens) C)~ \ C% POSITION, FOR 
time interval between deposition of had le’ 'SLIQING FIT START OF 
increments is held at 45 sec. | TEST 
The location of each specimen in ¢ CALIBRATED 
ements is shown for '/2-in. plates pounns.(S) 
in Fig. 6. This relationship is the § <= 
same for every '/s-in. joint since “ax 
increment locations and specimen SUPPORTING (p) RELATIVE POSITION OF 
locations are laid out from jigs. It ROLLERS OR PLATEN AT END OF TEST 
will be seen that the increment ends AND ,SPAN AS ¢ | \Loao P CANNOT BE OTHER 
are in the center of the specimen REQUIRED. APPLIED. 
in most cases. The joint is permitted MANDREL (mw) ——"1 
to cool to its initial temperature be- TT +r 
fillet on the other side of the stem ‘ BOTTOM PLATEN of” ss 
Both the jig and the joint are turned TESTING MACHINE. . 
between welds so that the welds on sak aa 
both sides of the stem are deposited WITH RELATION TO RECORDING PAD 
ro a same hand and in the same Fig. 15—Testing Device for Obtaining Absorbed Energy of Deformation of Welded 
irection. 
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the as-rolled condition and in the normalized condition. 
This provides eight conditions for testing, namely. 


Welded as-rolled, at +70° F. and tested at +70° F. 

Welded as-rolled, at —20° F. and tested at +70° F. 

Welded as-rolled, at +70° F. and tested at —20° F. 

Welded as-rolled, at — 20° F. and tested at —20° F. 

Welded after normalizing, at +70° F. and tested at 
170° F. 

Welded after normalizing, at —20° F. and tested at 
+70° F. 

Welded after normalizing, at +70° F. and tested at 

20° F. 

Welded after normalizing, at —20° F. 

—20° F. 


The above different conditions are in substantial agree- 
ment with those of the Navy Department and provide 
information on any differences between specimens welded 
in the summer or in the winter, and also more important 
information on the probable performance if a related 
structure is to be subjected in summer or in winter to 
forces Which may result in great damage. 

In the future the tests will provide information con- 
cerning as-rolled plate on the following: 


and tested at 


If 


Longitudinal specimens, welded at +70° F. and tested 
at +70° F. 

Longitudinal specimens, welded at +70° F 
at —20° F. 

Longitudinal specimens, welded at — 20° F 
at +70° F. 

Longitudinal specimens, welded at — 20° F 
at F. 


. and tested 
. and tested 


. and tested 


Longitudinal specimens, welded at +350° F. and 
tested at +70° F. 

Longitudinal specimens, welded at +350° F. and 
tested at —20° F. 

Longitudinal specimens, welded at +70° F. stress 
relieved annealed, tested at +70° F. 

Longitudinal specimens, welded at +70° F. stress 


relieved annealed, tested at —20° F. 

Transverse specimens, welded at +70° F. and tested 
at +70° F. 

Transverse specimens, welded at +70° F. and tested 
at —20° F. 

The above schedule provides considerable flexibility. 

stress-relief-annealed specimens are not needed, other 


degrees of preheat can be used, or both preheat and post- 
heat can be used on the postheated joint. 


j s—JiG ATTACHED TO TOP PLATEN OF 


TESTING MACHINE BY 3/4”°STUL 
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4 
FRAME (F) -—PAD OF PAPER | 
‘\ 
‘ 
—-+--—4 SCALE AT END LATE 
OF TEST OF i 
T! SPECIMEN 
| SCALE 
IL li | = 
| | 
‘= = 
CROSSHEAD 
+ + 
PIN(P 1) 
FOR 
ROLLERS (R2) 
FOR SPEC. ——— 
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All Parts to Be Cadmium or Chromium Plated to 
Prevent Corrosion Due to Use in Refrigerants 


Fig. 16—Arrangement of Tee-Bend Testing Jig '/s-, and */;-In. Specimens 
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The joints are refrigerated for welding at subzero 
temperatures by immersing them in a tank of acetone 
and dry ice at a temperature of about —25° F. This 
subcooling of 5° is to offset possible temperature rises 
before the start of welding. The welding is carried out 
exactly as described above; that is, the plate is not 
brought back to its original temperature between incre- 
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bi- 


ments in the making of a weld. This is not consiq 
the best way to do low-temperature welding since }, 
center portion of the plate tested is not at the in : 
temperature by the time the middle portion of the wejg 
is made, but this procedure is in strict accordance with 
that used by the Navy Department. On the other hang 
welding should never be done on any plate at such a: 
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Fig. 17—Details of Tee-Bend Testing Jig for '/,-, 1/2- and */,-In. Specimens 


MARKIDIM LIDIM.WINO RECDIPLATE Tr * 
is] i 3 

16 | 16 
5 9° 

irl = 
c3 i 16 

DECEMBER 


19 


ve 

é 
ef 

rt. 
141 
| 

| 

i* 
al 
a 

t ot N 

DIA. HOLES NO 

7 | EIT 

A FRI 

| 

1 

| 

616-s 


a 


Fig. 18—Method of Making Low Temperature Tests 
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CORRESPONDING SPECIMEN AFTER TESTING 


USUAL LIMITS OF MAX LOAD- 
50° TO 70° TOTAL ANGLE 
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/ MAX 


POINT OF 


LOAD 


~MAX LOAD MAY BE 


EITHER GREATER OR 
LESS THAN VALUE 
SHOWN 


ABSORBED 
ENERGY 
13200 IN-LBS 
” 
| 
an 
3 
" 
2 
= = = x | 
< 
w 
aaa} | | 
< ES 
MAX LOAD 
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Fig. 19—Typical Load-Deflection or Energy Diagram for Speci- 
men in Which No Failure Occurred 
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Fig. 20—Typical Load-Deflection or Energy Diagram for Speci- 


men with Incomplete Tearing Failure 
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Fig. 21—Typical Load-Deflection or Energy Diagram for Speci- 
men with Complete Tearing Failure Through Plate 
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tremely low temperature without preheating Lhe 
nt is recooled before making the weld on the other side 
the stem. The plate is not put back into the bath 
ifter it has cooled in air to room temperature , 


After Welding 
Phe tee-bend specimens are milled from the plates 
ns of gang milling cutters. The setup for doimg thi 
rk is shown in Fig. 11. The tension corners of each : 
ecimen are broken with a file before testing [It wall 
noted in Fig. 6 that the hardness and micrograph 
cimen always comes from the centet1 the centet 


; , 
i 


testing is done as shown 1n Fig 


g single row of readings, the heat-affected zone 1s 
sed four times at an acute angle. It 1s known Irot 
perience that the maximum hardness thus obtained 1 


\} 


ut representative ol the maxunum tor 


WwW 


welding condition involved. 


lo correct the previously described deficiencies ind to 
retain the use of the fundamentally sound teatures ol the 
ee-bend test, the authors have ce veloped method ot 
etermining the energy of deformation ot welded tet 


oints | AN 
Che jigs for measuring the energy shown in Figs JAMPLELLOAD | AT Me™ | 
>and 14 Chey maintain the geometrical proportions 
the Navy jigs, but they make possible the drawing ol [ 
semiautoma load deflection diagrams by obtaining 
the deflection abscissas directly and obtaining load ordi 


are 


nates by the oper 
sponding to load ¢ 


the te 


mounted upon a T-shaped ct 
n horizoni illy acTos pad ri 
9 mounted upon the upper tram 1) et 
: of the rollers, R, and the radiu re] 
be The roller support rer 
4 specimen is placed welded side uy 


aj 
4 al 4 4 
u 
a a a a 
uy 2 > The ilway ipplied ¢ 
the joint because the n drel 
< 
rt will 7 | 1 t tt to the 
ust permut its 
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of Materials Absorbing Unequal Amounts 


Fig. 24-Examples 
ut Sustaining Equal Maximum Loads 


of Energy | 
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[ | 84 4 diagram Phe ar unde thi \ 
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his jig covers the recommended range of 


bend-energy testing. If 


thicknesses 

it is desired to test other 

drawings are available covering the range 

gto l’/,in. It is believe d, however, that the de 

vice shown will cover the ordinary testing requirements 
Che jigs shown in Figs. 13 and 14 

perimental jigs and are very 


lor tee 
thicknesses, 


Irom 


are our original ex 
crude 

\ deflection limit of 2.89 in. was originally established 
by the Navy Department. This corresponds to an angle 
of 129", as can be seen in Fig. 2. The Navy has subs 
quently used 120° as their limit but the authors have 
retained the original 129 

Low-temperature tests are conducted as shown in Fig. 
IS 

[f no failure of any kind occurs, an energy diagram, as 
shown in example 1, Fig. 19, is obtained. This diagram 
is typical of the performance of the best welding ma- 
terials. The load during deformation may be either 
greater or less than shown in example 1. The load falls 
off in an approximate straight-line relationship after the 
peak has been passed. 

If a partial tear occurs, the load-deflection curve will 
depart from the straight line about as indicated in ex- 
ample 2, Fig. 20. The total angle of bend at the point of 
departure is obtained from the angle-deflection curve, 
Fig. 2. A complete tearing failure results in the load 
falling off rapidly, about as shown in example 3, Fig. 21. 

If a sudden fracture takes place, the load immediately 
falls to zero as shown in examples 4, 5, and 6 of Fig. 22. 
The energy absorbed then depends on the deflection and 
load which had obtained up to the time of failure. The 
fracture may take place after the peak load has been 
passed as in example 4, at the peak load as in example 5, 
or it may occur before reaching the peak load which the 
material should have been capable of sustaining had it 
had sufficient ductility after welding. 
example 6. 


This is shown in 


Appraisal of the Measurement of Energy Absorption in 
Bending Welded Specimens Discussion 


[t can be seen that the energy diagrams provide a per- 
manent graphical record of the performance of the 
welded specimen. An inspection of such a diagram made 
to a known scale enables the following to be ascertained 


(a Magnitude of load at any defle« tion. 

(b Deflection at any load. 

(¢ Point (load and deflection) at 
deflection begins. 

d Point at which maximum load occurs. 

(e) Point of occurrence of start of marked failure, if 
any 

(f) Character of failure, 
abrupt or none. 


which nonelastic 


that is, whether gradual, 


Carbon structural steel has been welded successfully 
for many years, in many forms and sizes, and under many 
conditions Che authors came to regard the energy ab 
sorption of this steel as a suitable reference for purposes 
of comparison with welded specimens of other steels in 
respect to energy absorption 

The composition of a typical example of this grade of 
steel and its hardness and tensile properties in 


2 in. 
plate are as follows 


Carbon 0.20% 
Manganese... . 0.41% 
Phosphorus. .... 0.008°; 
Sulphur.... 0.032% 
Silicon 0.07% 


Yield point. 30,820 psi 


WELDING RESEARCH SUPPLEMENT 


Ultimate tensile 
strength 60,580 psi. 
Elongation in 8 in. . 31.5! 
Vickers hardness 125 
Tee-bend energy 13,200 in.-lb. 
tested 


(welded an 
+70” F. 


This material has a tensile strength very close to 
usual 60,000 psi. minimum and a yield point of ab 
half of its ultimate strength and in the tee-bend t 
bends to 129° without failure of any kind. The auth 
have found it convenient to consider its tee-bend ener 
of 15,200 in.-Ib. as an arbitrary standard. The ener; 
of this same steel when welded or tested at differ 
temperatures and also the energy of other steels can 
referred to the above standard, and the ratios of t 
energies expressed in percentages. The tee-bend da 
can be thus converted to a simple percentage syst 
from which all opinion has been removed. Other met 
ods of reporting the energy comparisons may occur 
others who try the method. 

Generally speaking, the energy is influenced by vari 
tions in welding processes and techniques, to variati: 
in strength and cleanliness of the material, to comp 
tion and to pre- and postheat treatment of the mater 
or of the joints. Without the use of the energy diagrar 
to obtain a quantitative summation of the influenc« 
these factors upon strength and plasticity of the spe: 
men, the full benefit of the tee-bend test was not secur: 

The energy fully reflects the greater strength of high 
tensile materials. This is very desirable becaus 
higher strength steel, while possibly incapable of deflect 
ing as far as one of lower strength, may still be sufficienth 
strong to absorb the energy of an applied blow or lox 
service overload without failure. If the higher strengt! 
material is also capable of enduring great deflection, 
energy absorption greater than that of a lower strengt 
steel will be obtained. This is shown in Fig. 23. On t! 
other hand, with low strength but ductile materi 
energy ratios of less than 100°7 will be obtained. TT! 
condition is shown by example 7, Fig. 23. 

It can be seen from the two groups of three diagrai 
in Fig. 23 that it is possible to have specimens resisting 
the same maximum loads and having the same deflectio: 
at maximum loads and yet having quite different ener; 
absorptions. Therefore the use of the angle of bend 
the time of maximum load is not a good criterion for th 
composite characteristics 

[It can be seen from Fig. 24 that specimens havin; 
equal maximum loads can have widely different angles 
bend at maximum load and different energy absorbi: 
capacities, and therefore the use of the maximum | 
alone ignores capacity for deformation. 

Regardless of strength, materials which fail at ver 
low angles of bend will absorb little energy, as show: 
Fig. 24. From examples 11, 12, 13 and 14 1t can be see 
that in some cases the angle of bend at the start of failur 
is almost the same as the comparison of energy with th 
of the 0.20% carbon steel. From this it might be 
ferred that the angle of bend at start of failure is 
as satisfactory a criterion as the use of the relative ener; 
absorption. That this is not always the case can be se: 
by referring to Fig. 25 wherein it is shown that wi 
variations are often obtained. It has been found thus t 
that the angle at start of failure and the ene rgy ratios 
per cent are equal only when the steel to be tested has 


strength about 29°), greater than that of the standar 
steel. 
If 
A = actual absorbed energy of specimen being test: 
B = energy absorbed by reference material, that 


13,200 in.-lb. 
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Discussi¢ n 


inswel 


Aside from tabulating the results, 1t w tec t 
little attention 1s paid to hardin tory 
eral correlatio1 between n harcine 
is measured in the test has been toum Ve 

mum hardness generally indicates low pertorma 
3 3 i a low hardness is not a certain mdicator d perfor 
However, in the teel or im the gener 
CALCULATED AT 1,683,000 JOULES PER CU.IN.OF METAL DEPOSI) type of steel there ts a tairly good relat hip bet 


Fig. 46—Relation Between Plate Thickness and Heat Input Per hardness and performance 
Unit Length of One Weld Chis account 1s being preset 
research tool to further the stud tough n wel 


specimens by providing 


( erev absorbed in bending the we ay 
R energy ratio (on a basis of being the 
. ferent steels It is not considered 1 til 1 
value of the reference material ' taide of 
- cation outside of researen 
] angle of bend at start of failure 
Che Carnegie-Ilinois Steel Corp. has an assignment 
then certain patents pending on the tee-bend-ener test 
on the apparatus, but the Compa will b eased 1 
K K 10U permit free use of the test { ratu 


The energy ratio, R, is equal to the angle of bend, F, 
it start of failure when the following relationship exists, 
from Equation | 


A B 
LOO 


Che ratio B/100 is 182 for the reference material Phe 7 
ratio of A/F, the average number of inch-pounds per 
legree of bending, is equal to 102 for the reference ma 

terial, and therefore it is only when the material tested 


has about 29° higher strength than t ference / 


iaterial that the angle ot bend at start ot failure can be y haa 
equal to the energy ratio. XN f j 


hat ol ne re 


It will also be noted from Fig. 25 that materials may NL A 
Lv equal capacities to absorb energy but th Vv may have ne 

videly ditierent abilities to resist loads and endure d ~~ J 


flections and their types of fractures may be different “i 

Each of the welded steels shown in Fig. 25 would prob / 

2 


ibly be capable of enduring a low-velocit) blow contain S 
ing the same amount ol energy. A 

It can be seen that by using the tee-bend energy test a FA 
steel which might break completely through can be con a ae 


sidered very useful 1 it ibsorbs sufficient energy betore 
that break occurs. 


silie 


Results obtained from 74 different in. plates ar —_—_———. : 
shown in Figs. 26 to 43, inclusive. All tests were con . 
ducted in strict accordance with the proce dure described Fig. 47-—Relationshiy Between Electrods 1 We 


hereinbefore and all results are comparable. 
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Appendix I 
The Testing of Thicknesses Other Than '/; In. 


Up to the present, most work has been done on !/2-in. 


plate. Recently other thicknesses have .been investi- 
gated. Drawings showing the jigs for testing over the 


range from '/s to 1'/, in. are not shown herein, but are 
available if any one wishes them. Two jigs will cover 
the entire range and they are similar in appearance to 
the one shown, 

In testing plates of other thicknesses, it is believed 
that strict proportionality to thickness should be ob- 
served. For instance, all dimensions of the specimens in 
1/,in. plate should be exactly half of all dimensions of 
the ! in. 

The small amount of test work done on '/,-in. plate 
indicates that the tests are following the law of similitude 
fairly well. 

Proportionality should hold not only for geometrical 
considerations, but the heat input and subsequent 
quenching should bear the same relation to a thick plate 
as to a thin one. 

In Fig. 44 are shown the relations between fillet size, 
electrode size and volume of weld metal per inch of one 
weld, and plate thickness. The volume per inch of weld 
metal of course is varying as the square of the plate 
thickness, and the influence of a change in weld size on 
the volume of weld metal deposited is particularly notice- 
able in the greater thicknesses. 

The electrode sizes shown are those with which the 
proportional sized fillets can be made. Experience has 
shown, however, that the small-sized fillets on */j.- and 
'/s-in. plate cannot be made consistently in practice, and 
in plates thicker than */,4 in. the large single-pass fillets 
become impractical. 

In Fig. 45 1s shown the relationship between heat input 
and unit volume. It will be noted that the heat input 
per unit volume of weld metal and base metal can be 
theoretically maintained constant when weld sizes vary- 
ing in direct proportion are used. Whether or not the 
exact volume of base metal entering into the calculation 
is that shown 1s not important so long as a uniform rela- 
tionship holds. 

When a constant heat input per unit of volume of weld 
metal deposited is maintained, the required heat input 
per inch of weld can be calculated, as shown in Fig. 46. 


SPEED OF TRAVEL UN/MIN,) 


e 


PLATE THICKNESS (iINCHES)— T 


Fig. 48—Calculated Relation Between Plate Thickness and 
Welding Speed (W = °/,T) 


To maintain the relationships described above wit! 
fixed electrode size, three conditions can be varied i 
pendently, namely, volts, amperes and speed. 

Are voltages, currents and current densities commo! 
used with the various electrode sizes are shown in | 
47. From these values and the constant heat input | 
unit of weld length, as shown in Fig. 46, the speed of tra 
for the different plate thicknesses and weld sizes can 
These values are shown in Fig. 48. 

From the foregoing it will be seen that the tee-be: 
test is practical in the range of plating thicknesses fr 
In the thinner gages relatively larger weld 
will be used in practice and the practical performance 
after welding will, in general, be better than might b 


calculated. 


1/4 to 1n. 


inferred by the test. 


proportional-sized fillets will be used and judgment 
to characteristics will need to be tempered with exper 


ence, 


nul 

o 


In the thicker gages smaller tha 


Editorial Note 


DISCUSSION INVITED 


The authors of this important contribution are to be commended for a careful and painstaking series of researches. 
They have developed a performance test in which tensile strength is given equal weight with ductility after welding. 
A mass of data has been presented. Discussion is invited particularly where the light of previous experience with a 


steel or similar steel rated by the authors can be examined in the light of service experience or other laboratory results. 
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Impact Strength of Arc-Welded Joints 
in Aircraft Steel 


By H. O. Klinket 


Introduction 


HIS paper is concerned with the impact strength 

of metallic arc-welded butt joints in S.A.E. 

X-4130 steel. Several ferritic and austenitic type 
filler metals were used and impact strengths obtained in 
both the as-welded and heat-treated condition. The type 
of impact specimen selected was the simple beam type 
(Charpy) with a keyhole notch and the notch was vari- 
ously located in weld metal, at the boundary of weld 
metal and parent metal and in parent metal. The pur- 
pose of the investigation is to illuminate one phase of the 
nonstatic behavior of welds and weld boundaries in 
X-4130 steel as used in the aircraft industry. 

Army Air Forces procedure calls for such aircraft as 
semblies as, for example, the engine mount to be fabri- 
cated of tubing and plate initially in the normalized con- 
dition and using a low-carbon electrode of the E 6013 
type. 

The assembly is then used in the as-welded state. 
Other assemblies such as the landing struts are fabricated 
similarly except that the completed weldment prior to 
final machining is heat treated to 150,000 psi. or higher 
tensile strength. 


Test Equipment and Procedure 


A standard Riehle impact testing machine of 220 ft.- 
lb. capacity was used for all tests. The specimens were 
of the simple beam type with the keyhole notch located 
in the center of the specimen. All specimens were at 
room temperature when tested and this was recorded at 
SO° F. The linear velocity of the hammer at the instant 
of impact has been computed in accordance with A.S.T.M. 
procedure and was approximately 18.1 ft. per second 
for all specimens. The weight of the hammer was ap 
proximately 43.3 Ib. 

The welds were butt joints in */s-in. X-4130 hot-rolled 
plate as covered by Army-Navy Aeronautical Specifi 
cation AN-QQ-S-685. In making up the butt joint one 
plate edge was left square and the other beveled at a 45 


* Presented at the Twenty-Fifth Annual Meeting 
Ohio, Oct. 16 to 19, 1944. 

t Apparatus Research and Development Dept., Air Reduction Co 
Senior Welding Engineer, Republic Aviation Corp.) 


A.W.S., Cleveland, 


formerly 


Fig. 1 


The weld was made in three layers by manual are 
welding from one side only and each layer consisted of 
The direction of rolling in the plate was nor 
mal to the longitudinal axis of the weld in all case Phe 
electrodes were 14 in. long, £/s2. m. in diameter and wert 
welded with a single-operator d.-c. welding set using 
standard currents and voltages. The electrodes used 
were of three types, one of low-carbon 
alloy composition. 
and chemist 


angle. 


one pass. 


steel] ind two ol 
Their re spective phy ical properties 
ry are given in Table 1. 


Table 1—Electrode Properties; As-Welded Condition 


Fensile Strength (Ultimate) As 
Welded (Min.), Psi 


62,000 
85.000 


Electrode 
E 60132 
Alloy No. 1 
Alloy No. 2 


@ Army Air Forces Specification 10286B, Type I, Gr: 
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Chemical Composit of Core Wire ale 
C, Si (Max.), Mn, % Cr (Min.), % (M 
1 18 1) ‘ 
| 0. 09-0.20 1) SO) 1. 0-2 .25 | 
| 
| 0.10 1.6 
633-s 


Table 2—Impact Strength in Ft.-Lb.; As-Welded Condition 


Type of Electrode 
Alloy No. 1 Alloy No. 2¢ 


3.0 9 l 

25.5 19 28 30 

Arith. Av 22 sS 2H 18 28 25 2 

‘ of closest three values 23 9 25 18 2 28 l 


Notch located in parent metal remote from weld—normalized condition 
ch located in boundary between weld metal and parent metal 
* Notch located in weld metal 
‘ Properties of alloy No. 1 electrode are given in Table 1 
¢ Properties of alloy No. 2 electrode are given in Table 


Table 3—Impact Strength in Ft.-Lb.; Normalized Condition 


Type of Electrode 
Parent E 6015 Alloy No :“ Alloy No. 2 
iN Metal B W.M.¢ B W.M B W.M 


11.5 lS 


Arith. Av 


Av. of closest three value 


Notch located in parent metal remote from weld—-normalized condition 
Notch located in boundary between weld metal and parent metal 
Notch located in weld metal 

‘ Properties of alloy No. 1 electrode are given in Table 1. 

* Properties of alloy No. 2 electrode are given in Table 1 

‘ Closest two values averaged 


Table 4—Impact Strength in Ft.-Lb.; Heat Treated to 150,000 Psi. Tensile 


-Type of Electrode—— 


Parent E 6013 ~ —Alloy No. 1¢— Alloy No. 2° 
Specimen No Metal” W.M.°¢ B° W.M.¢ B? W.M 
l 8.5 20 9.5 13 19 17 24 
2 7 22.5 36 18.5 19.5 27.5 25 
10 28 12.5 20 26 
1 8.5 28 34 17 20.5 18.5 26 
Arith. Av. se) 26 37 15 20 20 2h 
Av. of closest three values 8 27 3 14 20 14 2b) 


Notch located in parent metal remote from weld—heat treated 150,000 psi. tensile. 
Notch located in boundary between weld metal and parent metal. 
Notch located in weld metal 

‘ Properties of alloy No. 1 electrode are given in Table 1. 

Properties of alloy No. 2 electrode are given in Table 1. 


he weld and boundary metal impact specimens were the impact values for the E 6015 filler metal are sati 
taken as shown in Fig. 1. The parent metal specimen factory. It will be noted that the alloy filler metals yi 
was taken so that the longitudinal axis of the specimen higher impact strengths in the as-welded state as cor 
was parallel to the direction of rolling of the plate. pared with the normalized and heat-treated states 
shown by comparison of Tables 2, 3 and 4. Since all 
electrodes Nos. 1 and 2 have better weldability char 
teristics as compared to the E 6015 electrode, partic 
larly as regards susceptibility to cracking, it may be d 

rhe results are tabulated in Tables 2, 3 and 4 for the — sirable to use these electrodes for weldments subject 
various conditions in which the specimens were broken. considerable restraint and rigidity. 


Test Results 


Conclusions Acknowledgment 


It was noted previously that present Army Air Forces 
requirements for X-4130 weldments are that no post- 
weld heat treatment is required when a design value cor 
responding to the normalized state of the parent metal is 
taken. Table 2 substantiates this requirement in that 


he author desires to express his appreciation to H 
Robinson, Research Engineer, and R. Tomlinson, Welk 
ing Engineer, both of Republic Aviation Corp. for the: 
assistance in running these tests. 
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Vormaliz elhod Atter the 


Discussion of “Fatigue rae of the parts, normaliz in the usu 


. bh) Controlled Welding or Austem px in 
he a H be ny elded 
Studies ot Weld Test ] : normalized material being w 


heated locally or in a furnace to 600-7 


Triangular Structures ors ifter welding, the he 


s zones should be held in the temperature rat 

with NE 8630 Steel (00> F. for a minimum time of LO min 
3) Maintenance of temperature should 

Tubing” plished by controlled torch he iting, usu 
indicators such as Tempulstiks, Tempil 

pyvrometers 
. lemperw n 
By B. A. Kornhauser* heat-affected weld 


it? 
ture and transformation is complete, thi 
be ten per d 
HE value of post treating the heat-affected weld 1) Weld and heat-affected areas should 
zones of material specified to be normalized either stress relieved) locally within the temperatu 
locally or by heat treating the entire part has 1050-1200° F. using a “‘soft 
been under discussion. A recent paper by Williamson! ing, suitably regulated to 
ippears to have supported the arguments of those favor range 
abolishment of such treatments. In this connection 2) Temperature indicators such a 
the Navy Bureau of Aeronautics has required normaliz- should be used to insure maintenance 
or an equivalent treatment of heat-affected weld range 
ones after weld assembly. Such post treating has been 3) The minimum time necessary 
ecified primarily to reduce residual stresses and notch range to insure proper tempering of 
nsitivity of the heat-affected weld zones. Inasmuch weld areas should be determined for ¢ nt design 
is a notch effect is automatically created with the de Welded joints, when properly processed in accordance 
position of a weld bead, the magnitude of such a notch with one of the above methods, possess the tensile strength 
varying with the geometry of the joint, the possible specified for the part vet do not exceed a hardne cor 
uivantages, of post-treating have been masked in many responding to approximately Rockwell C-35. Data 
ases. In a properly designed joint, an increase in the — reveal that the notched impact values of austempered 
ductility of welded areas So that local plastic flow could ol tempered mate rial, possessing h irdne cS Oo \ 
reduce the weld notch effect would, it 1s believed, increase proximately Rockwell C-35, are considerably greater 
measurably the endurance lymit of the joint. This than that of normalized S.A.E. 4130 or NE S630 steel. 
increase in endurance limit‘would be reflected primarily indicating lower notch sensitivity in the former two 
in the reduction of time in reworking cracked welds conditions 


luring overhaul of parts. It should be noted that the above discussion ha 

Prior to outlining the post-treatments, currently concerned primarily with the heat-affected weld zon 
wcceptable to the Bureau of Aeronautics, it is believed It is realized that factors® such as decarburized lavers 
the comments below on Williamson's work are pertinent and scratches on the inner and outer surfaces of tubing 


to this subject the residual stress in the ‘‘as-received”’ normalized tubing 
a) The values for the ‘‘as-welded,” normdfwed after and joint geometry may offset the value of post-treat 


} 
welding, and tempered after welding parts fall within a ment of these areas. However, as a general practice, 
scatter-band, to be expected in such tests. Accordingly, post-treatment of welded areas is considered necessary 
it appears that in this work the joint geometry was the to assure reasonable ductility and to serve as anothe 
controlling feature of the tests. step in developing joints of maximum efficiency 
b) Caution should be exercised in attempting to serviceability. 
correlate the results of these tests with those to be 
expected under aircraft service conditions, inasmuch as 
these tests were conducted under rigid restraint. The Acknowledgment 
lue of similar joints is probably quite different due to the 
relatively elastic medium in which aircraft structures are The writer is indebted to the Bureat 
flown. of the U. S. Navy for permission to 
c) It would have been interesting to note the relative — eyssion. 
endurance limit of simple joints, creating a notch effect 
lesser magnitude, thus possibly evaluating a post- 
treatment. In this connection, it is believed that the References 
residual stress* inherent in most normalized tubing today 
would probably adversely affect the joint endurance as villian “FE 
indicated by Roberts and Mather.* o. 1, 27-8 to 32-8. 
At the present time, based upon available test results, ma 
the Bureau of Aeronautics is requiring that one of the 
‘ollowing three treatments be applied to welded steel as 
emblies of S.A.E. 4150 and NE 8630 steels, specified to 
be normalized: ed date of th 


1 


* Materials Engineer, Bureau of Aeronautics, U S. Navy ington I nj 153 
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URING the past twenty-five years the Welding 
Industry has been keenly aware of two important 
problems which affected the applications of 
welding. These two problems were loosely stated as (1) 
weldability and (2) residual, or thermal stresses. It was 
recognized, of course, that the two problems were inter- 
related. 

Che Welding Research Council in cooperation with 
government agencies has made great progress in the solu- 
tion of the many problems identified with weldability. 

The Welding Research Council has an active committee 
at work on the second problem. A great deal of experi- 
mental work was also done under government auspices. 
The problem has also been studied by many agencies 
here and abroad. Literally hundreds of thousands of 
dollars have been spent on such research work. 

We have now begun to appreciate that the term ‘‘re- 
sidual stresses’’ 1s misleading. The difficulties are now 
roughly divided into three phases: 


(a) The problem of residual stresses, which in turn is 
subdivided into local and reaction stresses* 


(6) The mechanical behavior of steels under three di- 
mensional states of stress. 


* The following definitions are offered by A. W. S. Marine Committee: 


Residual stresses are those stresses produced by thermal differentials or by 
mechanical treatment, or both, during welding or other processing of the ma- 
terial. These are the stresses which remain after the welding or processing. 


Reaction stresses may be defined as those residual stresses which could not 
exist if the members or parts being welded were isolated as a free body without 
connection to other parts of the structure. 


Stress concentrations are the result of abrupt changes in section in the design, 
or notch effects, such as may arise from defective welds, uncompleted welds or 
irregular torch cuts which prevent the free distribution or transmission of 
stresses. 


Residual Stresses and Behavior 
of Metals Under Three 


Dimensional Stresses 


(c) The damage caused to materials by a process 

known as “‘strain aging.” 

(d) Combination of (a), (6) and (c). 

The exact phenomena of residual stresses and how 
these stresses affect the useful life of a structure under 
combinations of severe constraint is not fully understox 
Of course the welding engineer fully appreciates that 
local residual stresses can cause cracks on cooling. On 
the other hand, if a structure can be put in service fre: 
from cracks but with high residual stresses, how do thes: 
stresses affect the structure. It is known that residual 
stresses can locally expedite or retard plastic flow 
Under what conditions is this phenomena helpful or 
harmful. Certain important failures have occurred 
non-stress relieved structures and such failures are mor 
prevalent in cold weather. We must know to what 
extent residual stresses played a part in such failures 
and to what extent did other factors such as design 
quality steel and workmanship enter the picture. 

When it comes to the mechanical behavior of metals 
under three-dimensional states of stress, or restraint. 
there is very little known particularly in relation to re- 
sidual stresses, and the third problem of strain aging. 

The Weld Stress and Structural Steel Research Com- 
mittees have outlined a series of programs dealing with 
items (a) and (b) and (d) which are described in detail be- 
low. These programs involve a total of $100,000 a year ior 
a two-year period. Every large user of welding, particu- 
larly thick materials, is vitally concerned with these prob 
lems. About one-half of the funds needed for these pro 
grams has been pledged. The Welding Research Council 
is now seeking to raise the other one-half. 


Weld Stress 


1. Tentative Program of Re- 

search on Residual Stresses 

Produced by Various Welding 
Procedures 


To be carried out in the Department of Metallurgy, 
Massachusetts Institute of Technology 


Purpose 


The purpose of this investigation is to obtain a clear 
picture of the residual stress situation both at the surface 


Investigations 


636-s 


Proposed by 
Committee 


and in the interior of weldments prepared under con- 
trolled conditions of welding. 


Scope 


The investigation is intended to determine the relative 
importance of the following factors in promoting specific 
patterns of residual stress: 


(a) Geometry, with particular emphasis on rigidity o1 
restraint. 
(b) Nature of base and weld metals. 
(c) Welding processes. 
Relation to Previous and Current Investigations 


It is now generally agreed that many of the troubles 
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which the residual stress is held partly responsible, 

rease in intensity as the rigidity of the welded struc- 

ture itself is increased. In so far as the welded joint is 

cerned, the most important element of rigidity is the 

kness, yet this factor has been given much less atten- 

in past and current studies than factors such as 

eth and width of the parts. This has been due largely 

to lack of an adequate method of measuring the stress 
distribution through the thickness. 


\fethod of Attack 


1. A method, which for brevity may be called the 
M.1.T. stress method, is now available whereby the varia- 
tion of stress through the thickness of butt-welded plates 
can properly be measured. This method employs the 
X-ray diffraction technique coupled with the use of me- 
chanical or electrical strain gages. Briefly, this tech- 
nique is designed to determine the triaxial state of stress 
present in thick plates by measuring the changes produced 
by the successive removal of layers. The values of stress 
found at a given depth are then corrected to the original 
values existing at this depth before the removal of any 
metal. From the state of stress thus determined as exist- 
ing at various layers parallel to the original surface, the 
stress in the direction of thickness can be derived by 
means of the equations of equilibrium. 

2. The above method will be used to determine the 
influence of thickness on the pattern of residual stresses 
in two types of weldments: 


(a) Butt-welded plates. 
b) <A circular disk welded into a hole cut in a large 
plate. 


While it appears likely that the stress in the thickness 
direction will be small in the case of the butt-welded 
plates which are free from transverse restraint, there 1s a 
general feeling that the situation in the welded disks may 
be quite different. Therefore, these two types of speci- 
mens seem particularly suitable to cover the two extreme 
cases of rigidity. 

3. In addition to the effect of rigidity, the influence of 
the base and weld metals and the welding process will be 
considered. A more detailed program of this part of the 
work is contemplated at a later date when more informa- 
tion is available as to the influence of rigidity. 


Practical Results 

It is hoped that the results of this investigation will 
supply the welding engineer with fundamental knowledge 
enabling him to control or correct the amount and type 
of residual stresses in weldments. 


Duration of Research 


Two years. 


Cost of Research 
About $8000 per year, as follows: 
Technical supervision $1500 
Research associate. . eer 3000 


Research assistant.... 1800 
1700 


$8000 


2. Behavior of Steel Under 
Conditions of Multiaxial 
Stress and Repeated Loading 


To be carried out at Illinois Institute of Technology 


The objectives of this work are to study the behavior 
of steel under the conditions of multiaxial stress and re- 
peated loading, and to study the effect on this behavior of 
temperature, metallographic structure, and chemical 
composition. 


History of the Project 


A. The purpose of the investigation is to obtain basic 
information on the fatigue strength of metals subjected 
to combined stresses. Until now, the investigation has 
been restricted to biaxial stresses with both stresses ten 
sile. 

The condition of biaxial fatigue stress is obtained by 
subjecting a thin-walled cylindrical specimen to fluctuat 
ing internal pressure, synchronized in phase with a fluc 
tuating axial load. 
cycles per minute. 

B. The machine was constructed at a cost of about 
$1300, and is operating in a laboratory of the Gas Tech- 
nology Institute at Illinois Tech. Design of the machine 
is described in detail in a paper by Joseph Marin, en 
titled “Strength of Steel Subjected to Biaxial Fatigue 
Stresses,’’ presented at the annual meeting, AMERICAN 
WELDING Society, Cleveland, Ohio, October 12, 1942. 

C. Preliminary tests were conducted prior to May 
1942 on S.A.E 1020 killed steel fully annealed, on spect- 
mens of nonuniform wall thickness. These tapered 
gradually to a minimum wall thickness of 0.050 in. at the 
center of the gage length. This material, by the stand- 
ard tensile test, shows statically 42°) elongation, a yield 
of 37,000 psi., and ultimate of 63,000 psi. 

The major portion of this preliminary period of the 
project was spent in correcting and improving the ma 
chine. Sufficient test results were made to obtain en 
durance limit curves for (1) equal biaxial tension and (2) 
uniaxial tension. The stress range for both conditions 
was varied from zero to maximum. The equal biaxial 
tension endurance limit only was verified in later tests. 


The present hine operates at 


Progress to Date 


A. The staff since July 1942 has consisted of one half- 
time assistant under the supervision of Dr. LeVan Griffis. 
Permanent and adequate personnel to handle the project 
on an enlarged scale has been assured. 

B. Accomplishments to date are as follows: 


1. Careful study of reference material was made, and 
a reference library established. This includes translation 
of foreign articles and initiation of correspondence to 
keep abreast of current research of similar type at the 
University of California, Bureau of Ships, Ma 
Institute of Technology. 

2. Analysis of specimen behavior was made, consider 
ing bending in the walls of the cylinder lhe new design 
of specimen being used has umiform wall thickness of 
0.050 in. for a gage length of 1'/» in,. with gradual fillets 
at the ends. (See Fig. 1.) This design has been found 
more satisfactory than the non-uniform wall thickne 
the basis of number of cycles required to produce 
with stresses at or slightly above the yield. An 
shows that for internal pressures used here the bendi 
stress equals 3000 psi. maximum, and experiment verifi 
this figure. 


sachusetts 


For the stress ranges in use, fatigue failure 
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Fig. 1 


occurs in the center of the gage length as desired. The 
fillet radius has been increased to 4 in. 

5. Regular testing and calibrating procedure has 
been established, and about 30 specimens of the new de- 
sign fractured. 


Proposed Investigations 


A. Investigation of fully silicon killed S.A.E. 1020 
steel under tensile fatigue stresses ranging from '/, of 
o max. to o max., and from '/, of o max. too max. This 
will permit correlation with earlier studies of the behavior 
of the same material tested with stresses ranging from 0 
to o max., providing data to verify or disprove recent 
theories concerning the effect of stress range on fatigue 
strength. 

B. Investigation of the effect of welding on this ma- 
terial by incorporating welds into the walls of the speci- 
mens. Various stress ratios will be used in the study of 
this material in several conditions, as follows: 

1. As rolled, welded: 15 specimens. 
2. Annealed and welded: 15 specimens. 
3. Welded and annealed: 15 specimens. 


These tests will provide data on the fatigue properties of 
welded steel to determine how the endurance limit for 
steel under multiaxial stresses is affected by the changes 
of composition and structure which accompany welding 
and annealing. For comparison, a few specimens treated 
with an abrupt quench will be needed to obtain informa- 
tion on the properties of martensitic structure. 


C. Investigation of several materials under the same 
conditions as used for the above mentioned steel, namely: 

1. Alloy steel: 15 specimens. 
2. Castiron: 15 specimens. 

3. Stainless steel: 15 specimens. 
These specimens will provide information on biaxial 
failure of steel having a higher yield and less ductility, 
as well as of a brittle material. 

D. Investigation of one of the above materials under 
various temperature conditions from —40° to 300° F.: 


038-s 


Biaxial Fatigue Test Specimen 
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10 specimens, probably of S.A.E. 1020 fully killed steel 
Until now, no information is available on the effect o! 
temperature combined with multiaxial loading conditions 


Budget 


It is estimated that this study can be completed at 
a cost not to exceed $7500 for the twelve-month period 
commencing October 15, 1944, and that this work will be 
carried out under the technical direction of LeVan Griffis 
The proposed budget for one year is divided as follows 


B. Materials, supplies, alterations 
of equipment: 


1. S30 
2. Repairs, maintenance of 
equipment... 100 
3. Temperature testing 
equipment........... 500 
i. 300 
5. 100 specimens at $20, 1n- 
cluding (a) machining, 
(b) welding, (c) heat 
treating, (d) X-ray, 
metallography........ 2000 3400 


C. Miscellaneous 
1. Preparation of reports, including 
2. Overhead........ 


$7500 


At the present rate of operation of the testing appa 
ratus, which is 2 specimens per week, this program of 100 
specimens will maintain the equipment in full-time 
operation for one year. 


Value of Work 


It is believed that the results of such an investigation 
will supply the engineer with important information on 
the mechanism of plastic flow and rupture of metals under 
multiaxial stresses. 
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3. WeldStress Investigation— 
Tentative Proposal for High- 
Speed Rotating Disk 
Project 


'T 


To be carried out in the Mechanical Engineering De- 
partment, Massachusetts Institute of Technology 


Che pre blem of the effect of combined stresses on the 
havior of welded connections is of great technical 1m 
rtance. ‘The general behavior of welds when subjected 
biaxial or triaxial external loading is a subject on which 
ry little experimental information exists. 

For this reason, as a first step, it is deemed highly de- 
sirable that experiments be made in order to study the 
general effect of a system of externally applied biaxial 
stresses on the strength and ductility of certain types of 
welds. The welds themselves may be so arranged that 
@hey produce a system of bi- or triaxial residual stresses. 
With this in mind, the following sets forth a proposed in 
vestigation of this problem to be conducted at the Massa 
chusetts Institute of Technology. 


t o} Study 


The object of this study is to determine the influence of 
the residual stresses due to the presence of certain types 
of welds on the strength and ductility of the welds and 
parent metal under the action of an externally applied 
biaxial stress system superimposed on bi- or triaxial re- 
sidual stress systems. 


Experimental Procedure 


It is planned to rotate disks both welded in various 
ways and unwelded, stress-relieved and ionstress-relieved 
from incipient yielding to fracture; to measure elastic 
ind plastic strains; to compare observed and calculated 
penetrations of plastic flow throughout the disks; to 
investigate the effects of these conditions on ductility, 
strength and the state of residual stress; etc. 

Among those welds of interest may be mentioned those 
produced by welding a small disk inside a larger one in 
plates about 1'/, in. thick. These would be subjected to 
i biaxial stress system where the applied stresses are 
tension and of equal magnitude. This can be done by 
rotating disks about 27 in. in diameter in a testing tank 
in which a vacuum is produced by meansofapump. The 
speeds of rotation would vary from 10,000 to 15,000 rpm. 
Over a considerable portion of the disk the radial and 
tangential stresses will be of nearly equal magnitude. 
Studies can be made of different kinds of welds in this 
manner. 

There is available at M.I.T. such a testing tank, with 
vacuum pump, a magnetic chuck to hold the test disk, 
solenoid valves to break the vacuum quickly for slowing 
lown, a special high-speed gear system to attain the de- 
sired speeds and several welded disks to be tested. 

To put the equipment in running condition, a certain 
amount of additional design work is necessary. The 
University also needs to secure certain high-speed bear- 
ings, a moter and controls, a 5-ton crane for raising and 
lowering the apparatus in the test pit, suitable power 
ind plumbing connections, etc. Some machining of the 
test disks is also required. 

The solid disks themselves would be carefully ma- 
chined; one face of each having a good finish suitable for 
scribing reference lines on it. In certain cases it might 
be desirable to have the residual stresses present in the 
disk determined by the nondestructive X-ray procedure 
before testing. It may also be desirable to mount some 


resistance wire stra gages on the 
may be measured during rotation. Initial 
also be detected by a special beat lrequen 
circuit which can be used 

Phe disks would then be suspended hort 
testing tank, held m this position by a cal 
mounted a special magnetic chuck now availabl 
rotated until appreciable yielding or fracture oceu 
apphed loading stresses to produce this conditiw 
then be calculated Measurements of the di 
will yield information on ductility Residu 
measurements alter the test 1s completed would 4 
formation on the effect of such biaxial load 
relief of these stresses. 

It would be desirable to evaluate the eff 
sidual stress system further by subject 
relieved disks to this tvpe of test 


Desirable Features Inherent in This V Pe 


rhe rotating disk method possesses many inherent 
desirable features not readily reproducible by other test 
ing methods. For example: (1) It will permit the eco 
nomical testing of thick, full-size, welded plates ) the 
disks permit equal stresses to be apphed in perpend 
directions of a nifjorm ove! a considerable area: 
the equality of stresses at right angles can be maintained 
up to tracture for the disks since they depend on 
source of loading; (4) the rotational symmetry present m 
disks provides good possibility of a coordinated analytical 
attack; (5) welds of a type difficult to produce im other 
members can be tested: ete. 

It is beheved that the Disk Program embodies a new 
and different approach which should yield interesting and 
useful results. 


Estimate of Funds 


At present we have available about $3600 for this work 
contributed by the Engineering Foundation through the 
Weld Stress Committee It is estimated that a sum of 
$9250 per year additional for two years would be necessary 
in order to carry throtigh this project 

Due to the complicated nature of these experiments, the 
size of the test disks, and the apparatus itself, the full 
time employment of one laboratory assistant and at k 
the part-time employment of an additional man 
deemed necessary for the successful prosecution of the 
pre rye ct 


4. A Proposal for an In- 
vestigation on the Inherent 
Strength and Ductility of 


Steel Under Conditions of 
Multiaxial Tension Present 


in Welded Structures 


To be carried out at the Case School of 

Applied Science 

Object of the Investigation 

lo evaluate the strength and ductilits 

necessary to determine the properti 

parts and the effect of welding on th 

rate ly. The proc dure for preparation 

investigated shall be as follows 


l. Steel plates of the various compositions cor i 
welded shall be subjected to the various heat treatme 
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which occur in welding and subsequent treatments, i.e., 
heating for various lengths of time to various tempera- 
tures up to the melting point, various rates of cooling, 
stress-relief treatments, ete, 

2. Specimens shall be machined from weld beads 
formed according to the standard procedure for making 
tensile test specimens from weld metal. The tempera- 
ture of the mold and the molten metal shall be varied. 

3. Specimens shall be machined from various zones 
of welded plate assemblies, welding condition in differ- 
ent assemblies being varied within practical limits. 


The test specimens shall consist of ‘‘unnotched’”’ and 
two types of notched (concentric and eccentric) tensile 
test bars. The specimen shall be approximately 1'/2 in. 
in length and shall be tested at two temperatures (room 
and —60° F.). The axis of some of the specimens shall 
be transverse to the direction of welding while others will 
be parallel to the long axis of the weld. Such tests per- 
mit the determination of the properties of a welded 
structure under conditions approaching those present in 
service and characterized by the following combination 
of conditions: 


1. The properties of a small localized volume of metal 
are determined. 

2. In the notched tests, this metal is subjected to 
multiaxial tension of a controlled degree of triaxiality. 

3. The unnotched tests give the conventional 
strength of the metal in a small localized volume by the 
use of a broad, shallow, radius notch. 

4. Eccentric loading in tension at low temperatures 
permits the determination of the inherent ductility under 
extreme conditions. 

Equipment for the investigation is available as it has 
been developed in the course of an extensive investigation 
on the properties of heat-treated, low-alloy steels under 
multiaxial tension. 

Previous publications on this subject are: 


Sachs, G., and Lubahn, J. D., ‘Effects of Notching 
on Strained Metals,’ Jron Age, 150 (1942), Oct. 8, 
pp. 31-38; Oct. 15, p. 48-52. 

Sachs, G., and Lubahn, J. D., ““Notched Bar Tensile 

Tests on Heat-Treated Low Alloy Steels,” 7rans. 
Am. Soc. Metals, 31 (1943), 125-158. 

Sachs, G., and Lubahn, J. D., “Bursting Tests on 
Notched Alloy Steel Tubing,” Jbid., 31 (1943), 
71-87. 

Sachs, G., Cole, P. D., and Roth, R.A., “The 
Strength of Heat Treated Alloy Steel Bolts,” 
Ibid., 32 (1944), in print. 

Sachs, G., Lubahn, J. D., and Ebert, L. J., “Notched 
Bar Tensile Test Characteristics of Heat Treated 
Low Alloy Steels,’ [bid., 32 (1944), in print. 

The last paper describes the newly developed testing 
technique. 


Duration of the Investigation 
Two years. 

Cost per year 
Technical supervision......... 
Research assistant 
Machinist........ 


$1500 
2500 
L000 


Total salaries... . $5000 

Heat, lighting power, use of equipment, ac- 
counting, sundry supplies at 50°% of sal- 
aries and wages... 

Materials, communications, etc............ 


2500 
L500 


Total 


640-s 
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The salaries comprise actual payments to those con: 
uting directly to the subject under investigation. 


5. Proposed Program 


on Hemispherical Shells 
Subjected to Static and 
Fluctuating Internal 
Pressures 


To be carried out at Engineering Experiment Station, 
The Pennsylvania State College 


Summary 


Hemispherical shells subjected to both static and flue 
tuating internal pressures would give information on both 
the static and fatigue properties of steels for equal biaxial 
tensile stresses. This is an important case of biaxial 
stresses since tests show that ductility is greatly reduced 
under this stress combination. Hemispherical shells 
about 20 in. in diameter with !/2-in. wall thickness would 
be tested. The specimen size is such that the influen: 
of welds could be studied, without the restriction of siz: 
of weld and the influence of flaws. The size of specime: 
is the major advantage over the tubular test progra: 
now in progress at Illinois Institute of Technology. 


Equipment 

Figure | gives a sketch of the main equipment that 
would be used for the proposed investigation. Hemi 
spherical specimens 20 in. in diameter and !/»-in. wall 
thickness would be subjected to internal pressures by 
means of an eccentric and lever system as shown. \ 
pump could be used to supply oil lost by leakage and an 
accumulator unit as used in the I.1.T. machine could be 
employed, if necessary, to maintain constant values of 
maximum and minimum internal pressures. Gages to 
measure the pressures are shown in Fig. 1. The internal 
pressure is varied by means of a lever with an eccentric 
at its end, which is turned by means of a gear and motor 
drive (Fig. 1). A counter records the number of stress 
cycles to rupture. For the static tests a hand pump ca 
be used to apply pressures to failure. Strains could be 
measured by micrometer microscopes or SR4 strain gages 
For the size of specimen selected a static pressure ol 
about 10,000 psi. would be required to statically ruptur: 
a specimen with an ultimate tensile strength of 100,000 
psi. 


Outline of Tests 


Biaxial Static Tests.—These tests would consist of 
gradually applying internal pressures to rupture anc 
measuring the strains at selected points of the specime: 
during the loading. Plain and welded specimens 0! 
various types (as selected by the Weld Stress Committee 
would be tested. Behavior of steels in both the elastic 
and plastic stress ranges would thereby be obtained 
The ductility under equal biaxial tensile stresses would 
also be determined. 

Biaxtal Fatigue Tests.—These tests would subject plai 
and welded hemispherical specimens to static interna: 
pressures with superimposed fluctuating internal pres 
sures. The fatigue strengths for different ratios of th 
maximum to the minimum biaxial stresses could thereb) 
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be determined. The test procedure would be somewhat 

similar to that used for the I.1.T. tests. 
Control Tests—Standard static tension 

fluctuating control tests would be made. 


and axial 


Significance of Proposed Program 

The foregoing test program would serve as a check on 
the tubular fatigue test program in progress at I.1.T. 
Furthermore, it would have the decided advantage over 
the latter program in making possible a study of welded 
specimens having an appreciable size. 


Cost Estimate 
(First Year) 


Salaries: 

$1500 

Research Assistant............. 2700 

Machinist (half time).......... 1000 

$5200 

Materials 

Instruments, parts and materials........ 1500 


“stimated time required 


Two years (minimum). 


1944 


Fig. 1—Sketch of Apparatus for Testing Hemispherical Specimen Subjected to Fluctuating Pressure 
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6. 


Tentative Program of 
Research on Peening 


To be carried out at Polytechnic Institute of Brooklyn 


Purpose 


The main objective of this investigation is to develop a 
scientific procedure whereby peening may be definitely 
established as a means of controlling residual stresses in 
welded structures. 


Sco pe 


The investigation is intended to cover the following 
specific items: 


(a) To develop and apply the most suitable tools and 
technique for stress relief by peening. 

(b) To establish and tabulate fundamental factors 
such as frequency and intensity of peening for 
materials of different thickness. 

(c) To mvestigate the relative effects of peening on 
physical characteristics and microstructure, as 
influenced by the factors enumerated in Item 
(6), and also at different temperatures, includ 
ing the blue brittle range. 


Materials and Type of Specimens 


The type of specimen and chemical composition of the 
base materials will be selected in accordance with the 
views of those concerned with the practical aspects of the 
results. 
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Veans of Attack 


In so far as none of the conventional methods of meas 
uring residual stresses appears to be entirely suitable for 
a project of this kind, study is being made to evolve a 
new and more convenient method or to adapt one of the 
ibove methods tor this purpose. In general, the investi 
gation on means of controlling the severity and frequency 
of peening will be conducted with reference to the magni- 
tude and distribution of residual stress and amount of 
stress rehet accomplished 

The effects of peening at various temperatures and 
under different conditions imposed by the factors speci- 
fied in item (c) above, will be studied by means of micro- 
lacroscopic magnaflux, hardness and bend tests. 

In correlating the data obtained in items (a), (6) and 
c), the object will be to devise quantitative relationships 
which may find practical application in correcting or 
neutralizing the ill effects arising from improper peening. 


Duration of Research 
lwelve to 15 months. 
I-stimated Cost per Year 


\bout S9500 as follows: 


Pechnical supervision $1500 
kesearch associate 3900 
Research and welding assistants 2000 
Apparatus, material, overhead 2500 

Potal $9500 


7. Studies of the Flow, 
Fracture and Relaxation of 
Steels Under Combined 
Stresses at High 
Temperatures 


To be carried out at Westinghouse Electric & 
Manufacturing Company 


kesidual stresses near and in welds in steel are caused 
through the contraction of the hot zone during the cooling 


Development and 


period and resistance thereto by the surrounding n 
Volume changes are caused in the cooling metal thr 
thermal contraction and through metallurgic ef 
passing through the transformation point). 
given temperature a metal will flow under stress. \ 
little is known about the nature of this flow (creep) wu 
biaxial elevated temperatures. This 
during the cooling period of the metal surrounding a y 
causes the residual stresses. It is planned to investi 
these flow conditions under a system of biaxial te: 
stresses at elevated temperatures. Three distinct ph 
of the problem appear worth investigation 


stresses at 


|. The nature of the flow (creep) under a given s 
tem of biaxial stresses. 
2. The conditions causing final fracture under 
just described states of stress. 
3. The relaxation of a system of combined stresses 
high temperatures if the deformation of 
metal is prevent d. 

It is planned to develop equipment permitting testi 
these three phases of the problem at high temperatur 
It is contemplated to use hollow cylindrical specim: 
stressed under internal gas pressure and under an axi 
load. Precautions must be considered to prevent da: 
aging of equipment when the tubes burst, and some m 
to achieve this have been considered. The simplest ti 
for this purpose seems to be the relaxation test. Assi 
ing that a tube with closed ends is stressed under an i: 
ternal gas pressure, all that is required is to use a later 
extensometer which will record any change of the diam 
ter of the tube while it is kept under stress at an elevat 
temperature. The extensometer operates an electri 
contact device, and the gas pressure is reduced during thy 
test in the same manner as the load is reduced aut 
matically m the automatic relaxation machine of th 
Westinghouse Research Laboratories (U. S. Patent 
2,154,280). Thus, the pressure will be gradually «i 
creased in such a manner that the tube diameter remau 
perfectly constant during the duration of such a test. 

The hope is expressed that the results of the contem 
plated series of tests under combined stresses at elevate 
temperatures will not only be useful for a better under 
standing of the conditions surrounding welds during th: 
cooling period, but also in many other very important 
engineering applications to which no reference is mad 
here. Estimated annual cost $6000-$S000. 


Testing of Triaxial 


Tension Specimens 


HE properties of metals under multiaxial tensile 

stresses have long been a problem of concern to the 

engineer. Itis doubly so to the welding engineer, 
who, in addition, must be concerned with the behavior 
of superimposed shrinkage stress on these multiaxial 
properties. There is reason to believe that brittle failures 
may often be caused by triaxial tension stresses. Even 
if only one stress is reversed to compression it seems 
probable that ductility is restored. 

The Welding Research Council through its Weld 
Stress Committee is seeking assistance in the develop- 
ment of suitable specimens for the study of triaxial 
stresses other than the usual notched impact specimen. 
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The difficulty comes in through the fact that as triaxial 
tension failure is approached the tensile strength of the 
part subjected to triaxial stresses is so great that the 
specimen may tend to break elsewhere. The other diffi 
culty is that all specimens proposed for triaxial tension 
tests have been such that the actual value of one or mort 
of the stresses was always indeterminate. 

The primary consideration 1s that the specimen should 
be of such geometry as to make possible a reasonably 
accurate calculation of the stresses along the several axes, 
under the proposed method of loading. This is necessary 
particularly in the regions of maximum stress. 

In many cases the maximum stress will occur at the 
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sirface particularly when stress concentrations are pres- 
ent, such as fillets. However, stress due to thermal 
mtraction of the weld deposit may approach a condi- 

m of tri-axial tension in the interior. Great care 

ould be employed in the making of the specimen in 

der to avoid unintentional stress raisers. Although 
sts on almost any specimen which gives rise to multi- 
<ial stresses are instructive in a qualitative fashion, 
they miss the major objective unless the stresses are 
mputable with reasonable accuracy. We already have 
. lot of qualitative information of this kind in connection 
vith notched bar tests of various types. Much of these 
lata are difficult to interpret quantitatively because of the 
lack of accurate knowledge of the geometry of the 
pecmen. The notch radius is so small that a small 
variation in this radius may be important. The speed 
{ stress application is also a factor. 

Since it is the common opinion among engineers that 
, material under a pure triaxial state of equal tensions 
cannot be deformed plastically but must break as a 
brittle material, it is suggested that all efforts should be 
made to measure the stresses as near as possible to the 
region of maximum triaxial tensile stresses. It is further- 
more suggested to the investigators to provide, if pos- 
sible, wire strain gages at conveniently located points 
which should be used to measure the stresses in the 
elastic state as near as this becomes possible to the 
region in which the triaxial equal tensions will be found. 

The heart of the problem is, of course, not the idealized 
case of identical triaxial tensions but the unlimited 
variations of triaxial tensions from zero to a maximum 
stress along each axis. Evidently, then, the most effec- 
tive specimen would be one for which three axial loads 
could be controlled separately. 

The Weld Stress Committee would welcome sugges- 
tions for triaxial specimens. ‘The Committee proposes 
to make available a small sum of the order of $250 for 
ictualk trial of the most promising of these suggestions. 
Communications should be addressed to William 
Spraragen, Secretary, Weld Stress Committee, 20 W. 
39th St., New York 18, N. Y. 

Phere follow several suggestions of triaxial specimens. 


Method for Producing 
Triaxial Tension 


By Michael J. Manjoine* 


The method described here utilizes the volume ex 
pansion which occurs at the gamma-alpha transforma- 
tion of steel to produce triaxial tension in a composite 
sphere. In an iron-nickel alloy this transformation can 
be depressed below room temperature and controlled 
by proper cooling. The specimen (Fig. 1) for the ex 
periment consists of a hollow sphere of a special nickel 
alloy? which has been drilled to the center to accommo- 
date a smaller sphere of copper. A plug is inserted in 
the hole and the unit is brazed together. The com- 
posite sphere 1s cooled to room temperature and prepared 
by attaching electrical strain gages to the outer surface. 
Che spheres are then further cooled until the outer sphere 
transforms with differential expansion of over 0.5%; 
Fig. 2). This expansion causes triaxial tension on the 
nner Sphere. The bond between the copper and nickel 
Uloy can be made with a strength as high as 120,000 psi. 

* Westinghouse Electric & Mfg 


Co. Research Labs., East Pittsburgh, Pa 
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Fig. 1--M. J. Manjoine. Composite Sphere for Triaxia! Tension 
Specimen 
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Fig. 2—M. J. Manjoine. 
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Thermal Expansion Curves for Copper 
and a FE-Ni Alloy 
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by proper brazing technique. The differential expansion 
as shown in Fig. 2, is sufficient to produce a stress of 
about 90,000 psi. The stress distribution which can be 
expected is given in Fig. 1. The radial stress, o,, and 
the tangential stress, o,, are the same in the inner sphere 
and equal to the maximum stress, gmx. It is estimated 
that for the ratio of outer to inner sphere diameter of 5 
to 1 the tangential stress at the outer surface is about 
equal to the stress at the center and is a compression 
stress. This stress distribution assumes that all strains 
are elastic and the radial stress decreases parabolically 
from the inner sphere to the outer surface. 

Copper and the iron-nickel alloy were chosen because 
the composite sphere is practically stress free at room 
temperature as shown by the thermal expansion curves 
of Fig. 2. Thus the strain gages can be used at room 
temperature to measure the strain after a given degree of 
transformation, which is not reversible. When the 
temperature is lowered and more transformation occurs, 
additional strains can be measured. This procedure can 
be repeated until the transformation is complete or until 
failure of the inner sphere occurs. 

Other metals can be used for this experiment but the 
metals must be matched so that the proper expansion 
curves are obtained. It is not necessary that the spheres 
be stress free at room temperature but this would facili- 
tate the experiment. If a steel is used for the inner 
sphere a greater stress can be obtained for a given dif- 
ferential expansion because of its higher elastic modulus. 
In any case, the maximum stress is limited by the 
strength of the brazed joint which may be as high as 140,- 
000 psi. for properly prepared steel. 


t “Expansion Characteristics of Low-Expansion Nickel Steels,’’ by Howard 
Scott, Trans. A.S.S.T., 13, 829-847 (1928). 


A Method of Producing a State 
of Hydrostatic Tensile Stress 
in the Interior of Test Pieces 


By M. Hetenyi* 


Two-dimensional photoelastic tests with T-head 
specimens show that if such specimens are supported 
along their flanges and their shank is subjected to uni- 
form tension, then in the center portion of the pieces 
there are areas of zero shear (equal principal tensile 
stresses) as indicated by isochromatic lines of zero order 
in the accompanying photograph. (See Fig. 3.) This 
being true for two-dimensional pieces, it seems justifi- 
able to assume that in similar three-dimensional speci- 
mens of rotational symmetry a state of hydrostatic 
tension will be produced at about the same places in the 
interior of the test pieces. 

Simple considerations show that the intensity of this 
hydrostatic tension will be very closely the same as that 
of the average tensile stress in the shanks of the T-heads, 
while the magnitude of the stress at the fillets will be 
several times above this value. Thus, if no special pre- 
cautions are taken, failure of the pieces would ordinarily 
take place through the fillets. It is reasonably assured, 
however, that by a proper choice of proportions the 
stress concentration factor for the fillets could be kept 
somewhere between 2 and 3, and this may ‘also be fur- 
ther reduced if yielding of the material is taken into 
consideration. 

If there is only a small reduction in the strength of the 
material of the test pieces due to the state of hydro- 


* Westinghouse Research Labs., East Pittsburgh, Pa. 
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Fig 3—M. Hetenyi. Photoelastic Picture of a Flat T-Head Speci. pe 
men Showing Two District Regions of Equal Tensile Principa| * Vic 
Stresses 
static tension, such specimens, even with the best choice 
of proportions, are still likely to fail through the fillets 
On the other hand, if the strength is considerably reduced 
(by a factor of 2 or more) then such specimens would be 
able to indicate the amount of reduction accurately and 
in a comparatively simple manner. 
Pr 
Cylinder with Axial Pressure § *: 


Slot in Wall 


By L. E. Grinter* 


Slot 
Under Pressure R 


Pressure PB 
in Cylinoler 


Cylinder with Axial Pressure Slot in Weld 


Fig. 4—L. E. Grinter. 
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The specimen is a cylinder stressed by an internal 
ressure P, and an axially applied tension T. (See Fig. 
4,) There is also an axial slot in the cylinder wall sub- 
jected to a second pressure P;. Referring to the sketch, 
the applied tension 7 along with the internal pressure 
gives rise to the axial unit stress A. The internal pres- 
sure P; in the cylinder gives rise to the circumferential 
unit stress C. The internal pressure in the slot gives 
rise to a radial splitting stress R. At some point near 
the end of the axis of the slot these three tensions should 
combine to produce a limited area of triaxial tension. 
The specimen has the disadvantage that the unit stresses 
gre not calculable above the elastic limit. It has the 
advantage that the three tensions may be varied by 
changing the applied loads T, P; and P2. Since the area 
of triaxial stress is quite localized, it is obviously im- 
possible to measure the corresponding strains. The main 
interest in the specimen centers in the possibility that 
plastic flow near the area of triaxial tension should shift 
extra load to that area and possibly result in a brittle 
fracture starting from the point of triaxial tension. 


* Vice-President, Illinois Inst. of Technology. 


Triaxial Tension Test 
Specimen 


By H. C. Boardman* 


Prepare a specimen consisting of a central cube and 
six attached frustums machined out of a large cube. 


* Chicago Bridge & Iron Co. 


MACHINE THE SIX FRUSTUMS 
ANO THE CENTRAL CUBE OUT OF 
ONE LARGE CUBE: 
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SECTION 
Fig. 5—H. C. Boardman. Proposed Triaxial Tension Test Specimen 
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Fig. 6—H. C. Boardman. Testing Frame for Triaxial Tension Test 
Specimen 


Carefully shape the notches at the bottoms of the slots 
between frustums. Tap each frustum for a_ bolt. 
Apply to the 6 bolts by means of a suitable surrounding 
frame or cage, loads measured by gages on the rods. 
Vary as desired the ratios of the loads applied in the X, 
Y and Z directions. (See Figs. 5 and 6.) 

Admittedly the specimen will not be easy to machine. 
As I visualize the steps they will be: 


(a) Prepare the large cube. 

(6) Drill 8 small holes radially inward from the 8 
corners of the large cube to the 8 corners of the 
small cube, which may be any convenient size. 

(c) Machine narrow slots between the drilled holes, 
thus forming a specimen consisting of an inner 
cube connected to 6 frustums. 

(d) Tap 6 holes, one in each frustum, to suit rods 
which are to apply the loads. 


The testing frame drawing is self-explanatory. The 
triaxial tension specimen is placed at the center of the 
frame to which it is adjustably connected by 6 rods 
tapped into the holes in the frustums and equipped with 
nuts on their outer ends bearing against the outer sur- 
faces of the blocks of the frame. 

Obviously the load on the specimen along the X, Y 
and Z axes can be varied at will by adjusting the rod 
nuts. Thus, failure can be obtained on different speci- 
mens using differing ratios of X, Y and Z loads—provided 
failure does not occur at the junctions of inner cube 
and frustums. 

Experts should decide on the best proportions of the 
specimen—particularly the dimensions of the slot and 
notch, 

How the frustums will affect the desired stress sys- 
tem in the inner cube I do not know. I think much 
depends on how the notches are formed. 


A Suggested Triaxial 
Specimen 


By A. P. Young* 


The sketch, Fig. 7, shows two half spheres hollowed 
out by machining to reduce the wall to any thickness 
desired, but leaving a tailpiece outside and a post inside 
and at the axis of each half sphere. The tailpiece in the 
one half will be of large diameter throughout, drilled from 


aim Associate Professor, Mechanical Engineering, College of Mining and Tech- 
ogy. 
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inside to outside to permit passing fluid pressure from 
outside to inside, and bored and tapped for a male thread. 
The tailpiece and post of the other half will be ma- 
chined to a small diameter at the shell to preduce a small 
area of attachment to the shell, both inside and out- 
side, the inside pcst at the larger end to be machined 
and threaded for securing into the mating half. The 
edge of the half sphere is to be turned with reinforcement 
for welding in order to increase the strength of the 
sphere at threaded joint, if necessary. By screwing 
the two posts together the two edges will be matched for 
welding. This will forma hollow sphere into which any 
desired pressure may be introduced by means of the pas- 
sage drilled into the post and tail. The tails of each half 
can be extended to any desired length and diameter to suit 
the testing machine. 

By introducing pressure through the passage stresses 
will be set up at the reduced section equal to pressure 
X diam. + 4 X thickness and will be of the same intensity 
along every element of the sphere. By placing the tail- 
pieces under tension from a testing machine, a stress 
equal to the two other 90° stresses may be obtained. 
Table 1 gives stress that will be obtained by internal 


Table 1—In Stresses, Pressures and Forces for 90° Stresses 


4-In. Diam. Sphere, 
3/30 In. Thickness, 
1/, In. Diam. of d 


Stress Force to Stress Force to Stress Force to Stress Force to 

Internal in Produce in Produce in Produce in Produce 

Pressure Sphere 3rd Str. Sphere 3rd Str. Sphere 3rd Str. Sphere 3rd Str 
500 5,330 261 6,660 327 4,000 442 6,660 736 
LO00 10,660 522 13,330 655 8,000 8S4 13,330 1472 
1500 16,000 785 20,000 980 12,000 328 20,000 2210 
2000 21,330 1046 26,660 1310 16,000 17€8 26,660 2945 
2500 26,660 1310 33,330 1635 20,000 2210 33,330 3680 
3000 32,000 1570 40,000 1961 24,000 2650 40,000 4420 
3500 37,300 1830 46,660 2290 28,000 3090 46,660 5750 
4000 42,660 2090 53,330 2600 32.000 3530 53,330 5880 
4500 48,000 2355 69,000 2945 36,000 3980 60,000 6630 
5000 53,330 2615 66,660 3270 40,000 66,660 7360 
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Fig. 7—A. P. Young 


5-In. Diam. Sphere, 
3/39 In. Thickness, 
1/, In. Diam. of d 
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pressures from 500 to 5000 psi. and the corresponding 
pulls which must be exerted on the tailpieces to produce 
equal stresses on the small area of the attachment 
point. These areas can be reduced to any desired size, 
the pull being reduced accordingly. The increased siz 
of the posts will produce rigidity inside which will auto- 
matically cancel any compressive stress due to internal 
pressures in that area. 

This is my analysis of the distribution of stresses. 
The area of the shell surrounding the reduced section 
of the tail and post will have the intensity of the cal 
culated stress due to pressures. The interior portion 
of the post will have somewhat lessened stress be 
cause of a distribution over a thicker section paralle! 
to axis, but will not be reduced enough to materially 
affect the behavior of the metal due to the stress pro- 
duced by the pull on the tailpieces. 

There is a possibility of ductile behavior at the center 
of the tailpieces but I do not predict that. I feel the 
failure will be a brittle failure throughout, even with a 
larger area involved in the one direction compared to 
the area in the other two. The intensity of stress at any 
section will be the same. 


4-In. Diam. Sphere, 
1/, In. Thickness, 
3/g In. Diam. of d 


5-In. Diam. Sphere, 
In. Thickness, 
3/, In. Diam. of d 
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Specimens for Triaxial Stress 
Tests 


By Joseph Marin* 


\ number of triaxial stress combinations can be 
sheoretically realized by applying simultaneous external 
and internal liquid pressures to both hemispherical 
ind cvlindrical shells (Figs. 8 and 9). With superim- 
oosed axial loads on the cylindrical specimen a wide 
range and combination of triaxial stress ratios can be 


* Professor of Engineering Mechanics, Pennsylvania State College. 


Case 1-Triaxial 


Stresses 
(S, and S, Tension 
|S. Compression 
t= yn Po Pressure 
/S,=0.25toL0 Spe 
here 


Specimen 


Pressure applied here 


Fig. 8—J. Marin—Triaxial Specimen 
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Case 2-Triaxia/ 


Stresses 
JS; Compression applied 
52/5, variable here 
/5,= 0.25 tolo 
Pi “er 5 = 
55756 


re applied here 


Fig. 9—-J. Marin—Triaxial Specimen 


obtained with an essentially uniform stress distribution 
throughout the specimen wall. It should be noted that 
the proposed specimens do not permit the investigation 
of the important triaxial tension condition. These 
tests, however, would contribute toward the final solu- 
tion of the combined stress problem since very little 
information is available on behavior of materials sub- 
jected to triaxial stresses. There are some apparent 
difficulties in the tests proposed which do not appear 
insurmountable. These are applications of high pres- 
sures, design of equipment to permit high pressures and 
measurement of strains. 
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The Effect of Residual Stresses and 
Multidirectional Constraint Upon the 


Behavior of Welded Structures 
Under External Load’ 


A Research Program at the National Bureau of Standards 
Under the Auspices of the Structural Steel Research 


General Description of Program 


sk program as evolved by the Advisory Sub- 


committee, through extensive studies during the 

last ten months and with advice from various 
authoritative and interested parties, consists of three 
parts: 


1. Box-Girder Flexural Tests (Static Loading). 

2. T-Joint “Crack-Stopper’’ Tests. 

3. Pressure-Vessel-Type Tests (Joint project with 
the Taylor Model Basin). (Program not yet 
approved.) 


In the following descriptions it has been attempted 
to include mention of all recommendations and sug- 
gestions that have been submitted to the committee and 
accorded favorable .consideration by it, for future ex- 
tensions of the program, as well as for the first specimens. 

Through other research, previous and current, much 
information is being gathered regarding the intensity and 
patterns of residual stresses, and their effect and be- 
havior under the external loading of structural members 
of such limited proportions that very severe multi- 
directional constraint is not involved. Also, the re- 
sidual stress problem is being attacked from a more 
fundamental approach by studies and research of other 
committees. Investigations have been carried out and 
are still in progress on cylindrical and other forms of 
specimens which lend themselves easily to the creating 
of active multidirectional stresses caused by combined 
pressure and external mechanical loading. 

In adopting the first part of this program, it has been 
the aim of the subcommittee to extend the field of in- 
vestigations to structural members of such larger propor- 
tions, geometrical shape, and greater thickness of ma- 
terial as to involve very severe multidirectional constraint 
against plastic deformation, along with residual stresses 
of a magnitude as great as any that have been measured 
in other research involving plain carbon structural grade 


* Reported by LaMotte Grover, Chairman, Structural Steel Committee 
and Temporary Acting Chairman, Advisory Subcommittee for the National 
Bureau of Standards Program. 

Note: The Advisory Subcommittee was organized under the chairmanship 
of R. E. Spaulding, who was compelled to resign from active duty recently 
because of poor health. Other members are Raymond Archibald, David 
Arnott, Bruce Johnston, Capt. W. P. Roop, Capt. W. H. Smith, A, Spolian- 
sky and H. L. Whittemore. 
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steel. The specimens are as large as the capacity of the 
available testing equipment will permit, and they have 
been proportioned and detailed on the basis of results 
of other research work as well as experience reported. 


PART I—BOX-GIRDER FLEXURAL TESTS 
Introduction 


At the organization meeting of the Advisory Sub- 
committee for the Research Program at the National 
Bureau of Standards, it was indicated by Mr. Spraragen 
that the program was to be organized for the purpose of 
studying and determining the conditions under which 
residual stresses in a welded member or structure can be 
expected to affect seriously the behavior of a structure in 
service. 

Main Objective-—Subsequently the main objective was 
definitized as follows: To determine the effect of a com- 
bination of high residual stresses with severe constraint 
against ductile behavior, upon the capacity of a structural 
member for resisting rupture under external load. There 
is particular interest in this behavior at the lowest 
service temperatures that are likely to be encountered 
by a structure out in the open, such as a ship at sea, 4 
railway bridge or a highway bridge. 

A secondary objective is to determine the extent of 
mechanical stress relief which occurs when the member 
is subjected to continually increased loading, with the 
load relaxed between increments of loading. This 1s 
thought to be especially significant in view of the fact 
that some structural failures in ships, bridges, etc., have 
occurred under comparatively small loads subsequent to 
a much heavier loading. 

An incidental objective of considerable importance 
is to gain further information on the relative merits in 
general, of several types of T joints, for various uses. 

The world’s literature on welded design of structures 
seems to accord general preference to a full penetration 
T joint, as compared with a double fillet welded type. 
This preference, no doubt, has been based quite largely 
upon photo-elastic studies, as well as upon tests of stec! 
specimens. In the former, the influence of plastic de'- 
ormation is not reflected. 
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In the light of recent experiences, this preference for grade steel. 


It is recognized that the grade or type of 
the full penetration joint has come to be questioned seri- steel may have a profound effect upon the behavior of 
ously in several industries such as shipbuilding and the _ residual stresses. 


construction of storage tanks and pressure vessels, es- The results of experience and previous research have 
jally in cases where the main stress to be transmitted been summed up as follows: 
across the joint is longitudinal shear, rather than tension. 1. We know that local residual stresses exist up to 


It was decided that the program should be started the yield point value in welded joints (in the longitudinal 
with static load tests, involving a plain carbon structural direction), and also in rolled steel shapes, castings, etc. 
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WECTION weicing SECTION "8-8 


SEQUENCE OF PRODUCTION OPERATIONS 
1. Assemble, fit and tackweld plates “Al,” “A2," “A3,” “B,” “D" a 


these welds from both sides of the joint. 


straint. 
5. Install backing bar strips ‘‘G’’ for the butt welds joining “B” plates to plate "'C,”’ 
“H” for the transverse butt weld jointing plates Al’ and "A2.” 
6. Fit and tackweld plate to’ ‘B” plates. 


9. Make the transverse butt welds joining plate Al to A2 and A2 to A3. 


nature or size. If defects are found chip out and reweld. 
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SECTION 2° 


Fig. 1—Test Specimen Designed for High Residual Stress and Severe Constraint 
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2. Make the two longitudinal butt welds joining the “Al, edhe’ onik A" plates to the ""B” plates, completing 


3. Add the reinforcing fillet welds on the inside only, of each of the butt welds of Step No. :* 

4. Deposit all fillet welds along the boundaries of the diaphragm plates “‘D” and “E,” joining them to plates 
“A” and “B."’ Carry the fillets full size around the corners of “D” and “E” plates adjacent to the “A” plates. 
"“D” plates are fitted snugly and welded at the corners (contrary to good design practice) to produce severe con- 


and also install backing strip 


7. Make the butt welds joining ‘‘C’’ plate to ‘‘B’’ plates and add the */,-in. exterior fillet weld to each butt weld. 
8. Add the outside heavy fillet reinforcing weld to each butt weld that was made in Step No. 2. 


NOTE 1: X-ray all butt welds and make any other tests that are deemed necessary to discover defects of a serious 


ALTERNATE Section DD ~ 


With BAcKinG STRiPOrTTED 


RLAN 
200 * R «800.000 
Me 
gen | } 
ich | | 
be 
SECTION Mat 
vas DETAIL 
~ CU 
int 
ere 3 
of 
—4 
iS : 
ow. 
ict 
ve 
to | 
ce 
in | 
DETAIL 
es 
mn 
e. 
ly 
el 
f- 
1944 649-s 


2. One of the A.W.S. committees has voiced its 
opinion that so-called ‘‘reaction”’ stresses due to severe 
restraint or an accumulation of shrinkage from a number 
of welds, under severe restraint, may add general re- 
sidual stresses to an extent that would be serious. There 
is a meager amount of research information, as well as 
some experience, which points in this direction. 

3. Experience shows that most welded structures 
have given satisfactory service despite these residual 
stresses. Research indicates, and it is generally agreed, 
that if ductile behavior or plastic flow can take place, 
locally, such stresses become ironed out by mechanical 
stress relief, and thus become innocuous. (See “‘Be- 
havior of Residual Stresses Under External Load and 
Their Effect on Strength of Welded Structures’’ in WELD- 
ING RESEARCH COUNCIL SUPPLEMENT TO THE JOURNAL 
OF THE AMERICAN WELDING Society, September 1944, 
a report of research carried out at the Ukranian Academy 
of Sciences, Kiev, in 1937). 

4. The important question is therefore, ‘Under what 
conditions may residual stresses become important and 
serious?” 

5. We know from experience that sequence of weld- 
ing, order of deposition in a weld, and welding pro- 
cedure must have an important effect upon shrinkage 
stresses, in general (regardless of whether actually re- 
maining, measurable residual stress is the proper cri- 
terion), because a weld will crack under very severe re- 
straint unless special precautions are taken; and it re- 
quires an internal shrinkage tensile stress to cause such a 
rupture. 

6. Itseems important to differentiate between various 
kinds of shrinkage stresses as follows: 


(a) Residual stresses that exist after the welding has 
been completed and the weldment has cooled, which 
stresses can be measured with reasonable accuracy and 
in a practicable manner only by the subdivision method 
or by trepanning out a plug, to get virtually complete 
relaxation and to determine the release of stress through 
such relaxation of surrounding restraint. (Although 
X-ray diffraction can also be used to make nondestruc- 
tive measurements of residual stresses, at the present 
time it seems to be impracticable for specimens of the 
kind and size and other conditions which are feasible in 
an investigation of this kind.) 

(6) Transitory shrinkage stresses which cause cracks 
during welding or cooling after welding, or which may 


cause small incipient cracks which open up at a later 
period. 


7. Since no reliable method has yet been developed 
for determining the magnitude of such transitory stresses, 
and also since the popular interest of engineers seems to 
be centered upon residual stresses, it seems advisable 
to try to confine the investigation to the effect of residual 
stresses of the kind that can be measured. Therefore, 
through X-ray examination, Magnaflux or other non- 
destructive methods, it is proposed to assure in so far 
as possible the elimination of all cracks or incipient 
cracks which might result from transitory shrinkage 
stresses. 

8. Referring back to Item 4, there have been sug- 
gested several conditions which might prevent plastic 
deformation and cause residual stresses to contribute 
seriously to rupture: 


(a) If the load is applied by impact so suddenly that 
there is insufficient time for the energy to Ke absorbed 
through plastic deformation before cohesive failure takes 
place. This possibility is being studied at Columbia 
University, where no failures through rupture have been 
obtained as yet. These studies will be continued at 
Columbia. 
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(b) Fatigue loading. Results at the Univers 
Illinois lead to the belief that in the first few applica, 
tions of load, residual stresses are ironed out and haye no 
bearing upon fatigue resistance, at least in the size of 
specimen tested in the largest capacity machine in thig 
country. Fatigue investigations are under th 
diction of the Fatigue Committee and are not properly 
a part of the work of the Structural Steel Committe 
under which the Bureau of Standards project is organ. 
ized. Some further fatigue tests involving specimens 
with residual stresses will likely be carried out by the 
Fatigue Testing Committee in the near future. To date 
stress concentrations due to geometrical arrangement 
and proportions have seemed to overshadow completely 
any possible effects of residual stresses. 

(c) Constraint against ductile behavior, caused by 
geometrical shape, which results in miultidirectiona| 
stresses which are largely of a passive nature and self. 
limiting, rather than directly caused by applied loads, 
This seems to constitute the factor relative to which 
there is the most urgent need for information of the king 
that can be developed by testing under load. 

(d) ‘‘Notch-toughness” of the steel material, which, 
if of a low value, results in the steel base metal bein 
inherently less capable of undergoing local plastic def. 
ormation to relieve concentrations of stress that result 
from loading as well as from shrinkage. 

(e) ‘‘Stress-raisers’”’ and ‘‘notch-effects’”’ caused by 
details of design or weld defects or other faulty workman- 
ship. These act both to concentrate stress and to in- 
duce constraint against plastic deformation. All our 
researches comparing as-welded specimens with furnace 
stress-relieved specimens indicate that for comparatively 
small simple specimens such as have been tested, the 
notch-effect itself is so severe as to completely over- 
shadow any influence of residual stress. Experience has 
shown such notch-effects to exert a tremendous influence 
by themselves, and we know definitely that they should 
be avoided as much as possible. Under these circum- 
stances, it is proposed to eliminate such stress-raisers as 
much as possible in our first specimens. Research is 
being carried out elsewhere to evaluate the comparative 
severity of various kinds and types of notch-effects. 


ity of 


juris. 


Type of Specimens 


The box-girder type of specimen, Fig. 1, is proposed 
because it simulates the geometry or shape which is 
suspected of having caused trouble in ships and other 
welded structures. This will permit a study of the ef- 
fects of variations in details of design for subsequent 
box-girder specimens, which will closely simulate actual 
practical details of design. 

With reference to Item 8 of the results of experience 
and previous research stated above, it is obvious that 
the factors mentioned in paragraphs (a) and (0) are being 
investigated by other committees of the Welding Re- 
search Council. Although deliberately introduced 
notch-effects may be studied in subsequent box-girder 
specimen tests, enough is now known about them that 
designers have been quite thoroughly impressed with 
the necessity for avoiding notch-effects in so far as pos- 
sible. Therefore, the most urgent need does not seem 
to be to study these notch-effects in detail; and so it 1s 
proposed for the first box-girder specimen to eliminate 
such notch-effects in so far as possible, leaving them to 
other current research investigations. 

With regard to notch-toughness of the steel material 
and other matters relating to weldability or properties 
of the steel material, this is a subject by itself and con- 
stitutes a variable which should be eliminated from our 
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studies. With this in mind, it was decided that steel 
ye bought in advance for at least six box-girder speci- 
mens, all from one heat at the steel mill, and that it 
should be a plain low-carbon open-hearth steel (A.S.T.M. 
4-7) fully killed. The first girder will be constructed 
from the steel as rolled. It is proposed for some of the 
subsequent tests to give the steel a normalizing heat 
treatment prior to fabrication and welding. ; 

This leaves factor (c), constraint against ductile be- 
havior caused by geometrical shape, as the main factor 
to be investigated in the first box-girder specimens, both 
alone and accompanied by residual stresses. The very 
first specimen would involve residual stresses along with 
the constraint. Thisis proposed in view of the fact that 
heretofore it has been found very difficult if not impos- 
sible to produce “‘brittle-type’’ failures without an ap- 
preciable amount of plastic deformation, as a result of 
residual stresses, except im specimens where severe 
notch-effects have been introduced to start failure. It 
is desired to try, first, to produce such a failure with 
the presence of residual stresses, and then see what dif- 
ference will result when residual stresses are eliminated 
by a stress-relieving treatment prior to testing. 

In order to eliminate other factors, the effects of which 
would quite likely overshadow the factors being in- 
vestigated and cloud the interpretation of results, it 
seems to be of the utmost importance to eliminate serious 
defects of workmanship and any possible incipient cracks 
prior to testing. For that reason it is proposed not only 
to X-ray and Magnaflux the welded joints, but also to 
apply to them a coating of a 4% solution of picric acid in 
methyl alcohol, which would be blasted with an air hose 
to drive it into any cracks that might be present but 
might have been undiscovered. Then after fracture has 
occurred, if any portion of the face of the fracture shows 
discoloration from the solution, it will indicate that there 
was a crack or incipient fracture before the test loading 
was applied. Any other reliable and practicable methods 
or techniques of nondestructive examination that are 
available will be given consideration for use. 

Concurrently with the box-girder tests, or closely 
following them, the subcommittee proposes to carry out 
tests on cylindrical or spherical specimens which are now 
being designed. From a fundamental research view- 
point, this shape of specimen is considered by some tech- 
nicians as holding somewhat of an advantage over any 
other type. However, a completely fundamental re- 
search approach to the problem, step by step, is thought 
to be too time-consuming, especially in view of the ad- 
vanced stage of the application of welding in production. 
Fundamental research investigations should be contin- 
ued, some of them under the auspices of other committees 
which now have them under way; but it is thought 
to be very desirable to conduct tests such as the pro- 
posed box-girder tests, which will simulate more closely 
the structural details in which we are most interested 
in practice. Such tests ought to provide a perspective 
that will orient further endeavors of fundamental re- 
search and speed up the work in general. 

A certain amount of complexity in the specimens 
seems to be necessary for the sake of setting up con- 
ditions that will be severe enough to provide a possibility 
of fracture without much plastic deformation. However, 
it will be recognized that in the design of the specimens, 
it has been attempted to eliminate undue complexity 
which would introduce other variables in addition to the 
residual stress and the geometrical constraint. 

It might also be mentioned that recent research work 
involving a careful measurement of residual stresses 
under various conditions of welding sequence and pro- 
cedure has indicated that measurement of residual stress 
in itself is insufficient in most cases to reveal the effects 


1944 


RESIDUAL STRESS RESEARCHES 


of welding procedure and sequence upon service be- 
havior. Therefore tests of specimens under actual load 
such as those adopted seem to be very desirable. 


Details of Design of Box-Girder Specimens 


The details of design and the proportions for the first 
specimen of the box-girder type admittedly do not con- 
form to good design practice in certain respects. These 
details have been arranged and chosen to produce an 
unusually large amount of constraint against ductile 
behavior and restraint against weld shrinkage. For 
example, the diaphragms are made of 1'/2-in.-thick 
material, considerably heavier than would normally 
be required; and the corners of the diaphragms have been 
extended into the tension-side corners of the box, whereas 
good design practice would require that they be clipped 
generously to avoid severe constraint in the corners, 
especially where such thick material is involved. Also 
the sizes of welds, particularly the fillet welds and the 
“reinforcement” of the corner butt welds of the girder, 
have been made considerably larger than necessary, 
to provide more constraint and also to introduce more 
shrinkage forces. 

In view of the rapid increase in difficulties that has 
been experienced as thickness of material is increased, 
and considering the important effect of absolute thickness 
as well as ratio of thickness to other proportions, there 
was general agreement that the first specimen should be 
constructed of 1'/9-in.-thick material. 

The welding sequence outlined in the notes on the 
drawing for the box-girder specimen is chosen with the 
viewpoint of setting up as severe conditions of restraint 
against weld shrinkage as possible without making it 
virtually impossible to complete the welding without 
cracking. A special effort is being made to create “‘re- 
action-type” stresses by welding the transverse butt 
joints in the tension flange last of all. 

In subsequently fabricated and tested specimens, fac- 
tors of design and welding sequence can be investigated 
separately for their effects as indicated further on in this 


description. 


Details of Loading Test Girder and Measuring 
Deformations, etc. 


1. Temperature of Testing—The first specimen will 
be tested at room temperature because this will permit a 
closer observation of behavior under this initial test while 
more or less new ground is being explored. Subsequent 
tests will be carried out, if possible, by enclosing the 
girder in some kind of a housing or packing that will 
reduce its temperature to as low a degree as might be 
expected in service for a structure exposed to the weather, 
‘this temperature being chosen, in any event, at least as 
low as the “‘critical’’ temperature for substantial re- 
duction in notch-toughness of the steel, as indicated by 
supplementary tests. 

2. Method of Applying Load.—For the first specimen 
the girder will be loaded in a number of steps, gradually 
increasing the load each time, but relaxing the load com- 
pletely in between steps or increments of loadings. 
In some of the subsequent tests, conforming to recom- 
mendations by Captain Roop, the specimens will likely 
be subjected right at the beginning of the test to a load 
that will approach in magnitude the ultimate load that 
has been determined in the previous test. In some of 
the subsequent specimens, a load approaching the ul- 
timate load in magnitude may be used and repeated 
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something like 50 or 100 times. Also, it has been pro- 
posed to reverse the alternate loads in one specimen. 

3. Measurement of Deformations, Deflections, etc.—A 
grid of scribed lines will be placed on the tension flange 
and both side plates of the girder in the middle portion 
and deformations will be measured while the load is on 
the girder and after it has been relaxed, for each incre- 
ment of loading. These measurements will indicate 
roughly the permanent deformations, which would in- 
dicate that mechanical stress relief has taken place. 
Quite a number of strain gage readings will also be taken 
in this middle portion of the girder, probably with the 
use of electric strain gages (as many of them as the 
Bureau of Standards deems practicable). After the 
completion of the test and the taking of final readings 
while the girder is intact, it is possible that some plugs 
containing strain gages or gage points will be trepanned 
so that all surrounding restraint will be removed and 
there will be complete relaxation, thereby determining 
the remaining residual stress in this manner. In the 
case of girders that are enclosed to provide a lower tem- 
perature during testing, less extensive measurements of 
deformations and deflections will be possible. 


At the meeting of the Structural Steel Committee to 
review the proposed program, emphasis was placed upon 
the desirability of determining definitely the magnitude 
of initial residual stresses, especially the ‘‘reaction-type”’ 
stresses which are thought to be less predictable from 
results of other research. Discussion developed the fact 
that any practicable method of measuring residual 
stresses involves partial destruction. If the same girder 
is tested under load, repairing is necessary and this alters 
stresses from their original patterns. Therefore a resort 
to duplicate identical specimens, one for load testing and 
one for initial residual stress measurements, seems in- 
evitable. It was decided to postpone such initial stress 
measurements until after load testing of at least one 
girder, because they are very costly and time-consuming. 

Since there is particular interest in multidirectional 
stresses, all strain gage readings must be of the rosette 
type, readings being taken in two directions at least. 
Also, if accurate information is desired, rosettes and 
scribed lines must be installed on both faces of the 
plating (i.e., in pairs, one inside and one outside the 
box-section). It is appreciated that this would involve 
difficulties. 


All girders will likely be tested to failure, whether it 
occurs by rupture or by elastic instability. It is hoped 
that the heavier compression flange will preclude buck- 
ling. The size of specimen has been chosen as the maxi- 
mum for which we can expect to obtain failure with the 
loading equipment available at the National Bureau of 
Standards. Also, the dimensions of the cross section 
of the girder are large enough to permit the building up 
of maximum intensity of longitudinal residual stress in 
the welds, judging from results of other research work. 


4. Supplementary Tests.—In addition to the custom-. 


ary control or acceptance tests for the structural steel, 
chemical analysis should be made, possibly including 
spectro-analysis of the steel adjacent to the point where 
fracture occurs during testing. Also, sulphur prints 
should be made to check for sulphide segregations and 
carbon segregations. If rupture occurs without ap- 
preciable deformation, perhaps the oxygen and nitrogen 
content of the steel might also be determined. Slow 
notch-bend tests are to be made in any event, at various 
temperatures as mentioned above under Item 1. 

The determination of initial residual stress as men- 
tioned above in Item 3 may be considered a supple- 


mentary test, or perhaps of such magnitude as to con- 
stitute a project by itself. 


652-s 


WELDING RESEARCH SUPPLEMENT 


Welding Conditions and Procedure 


Since this investigation is not intended to be one of 
welding procedure itself and conditions attending jt 
these features will be standardized for all of the sicllas 
test specimens or at least for all those contemplated in 
the first series. The welding will be done at an air ter. 
perature not lower than 60° F. if possible. All details 
of welding procedure will conform to the requirements of 
the rules of the American Bureau of Shipping and of the 
AMERICAN WELDING Society bridge specifications (which 
are in substantial agreement), except for the use of 
abusive sequences of welding which are deliberately 
introduced in these experiments. Details of procedure 
such as interpass temperatures, general rate of progres- 
sion of welding, etc., will be worked out with the fabri. 
cator to simulate production conditions, in so far as pos- 
sible. 

An accurate log will be kept of all items of welding 
procedure and sequence, air temperatures during weld- 
ing, methods of back-chipping or back-gouging roots, 
etc. 

Any effect of low temperature that is to be investigated 
in this series will be brought into the picture during the 
load tests rather than during welding. 


Alternative Features for Remaining Box-Girder Tests 
After the First One 


The exact features to be incorporated and studied in 
subsequent girder tests will have to be determined partly 
on the basis of the results of the first test. However, 


‘it is now possible to outline some of the various alter- 


natives that have been suggested and may be chosen, 
depending upon how the first girder fails, that is, whether 
it fails by rupture without much plastic deformation or 
whether it fails otherwise. 


I. If Girder Fails by Rupture Without Much Plastic 
Deformation 


1. Subject the specimen to thermal stress relief before 
testing: 
A. Furnace stress relief. 
B. Local stress relief (if suitable techniques 
have been developed in time for use). 


2. Change the details at the corner joints to: 


A. Directly connected by fillet welds. 

B. Indirectly connected by bars or angles, per- 
haps joined by intermittent fillet welds 
so their efficacy as ‘‘crack-stoppers”’ will 
be demonstrated. Any ‘‘crack-stopper’ 
details that are to be investigated, in- 
corporated in a girder, will depend upon 
the outcome of preliminary tests on T 
specimens, which will be carried out con- 
currently with the first girder test or 
perhaps prior to it. It is possible that 
salvaged girders from previous tests can 
be used in some cases for further in- 
vestigation of ‘“‘crack-stopper’” details. 
(See Part II of this program.) 


.3. Improve other details of design: 


A. Clip corners of transverse diaphragm plates, 
liberally. 

B. Reduce thickness of diaphragm plates to 
normal thickness that would be used for 
stiffening. 

C. Reduce size of fillet welds from the excessive 
sizes prescribed to sizes that are proper. 
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D. Re-proportion the girders in general. 


4. Give the steel material a normalizing heat treat- 
ment prior to fabrication and welding. (It has 
been recommended to the committee by an- 
other research body that all specimens after 
the first one should be constructed of such 
normalized steel, for the sake of eliminating 
variables in connection with the steel material.) 

5. Change sequence of welding from the rather 
abusive one prescribed to a sequence that is 
theoretically the best and also investigate the 
effect of various welding sequences, procedures 
and order of deposition. 

6. Use austenitic or other special electrodes which 
will produce a weld metal of lower yield point 
than ordinary electrodes, and with other physi- 
cal characteristics more nearly matching those 
of the base metal in so far as possible. (Such 
electrodes might be used only for the longitu- 
dinal joints.) 

7. Use special welding procedures involving pre- 
heating or peening. 


II. If Girder Fails by Buckling or by Crippling or If It 
Fails by Rupture at a Reasonable Load and with a Rea- 
sonable Amount of Plastic Deformation 


1. Test a specimen at a temperature below that at 
which the steel involved has been found to lose 
notch-toughness rapidly, and possibly as low 
as might be anticipated in service for a structure 
exposed to weather. 

2. Introduce stress raisers to act as nuclei for frac- 
tures: 


A. Compare effects of openings in the tension 
flange with corners of various radii of 
curvature. 

B. Introduce weld defects, deliberately, such 
as slag and gas pockets, lack of penetra- 
tion, etc. 

C. Weld attachments to the corners of the box 
section on the tension side, making them of 
sufficient size to cause substantial stress 
concentrations. 

D. Trim the tension edges of the side plates by 
shearing in lieu of gas cutting, to get the 
same effect as that which contributed to 
the spherical hydrogen storage tank failure 
at Schenectady, N. Y., where weld failure 
started at a sheared edge which was near 
to the welding. Also, possibly decrease 
the dimension of the projection of the side 
plates beyond the tension plate, so the 
heat of welding will be concentrated nearer 
to the edges of the side plates. 


3. Attempt to induce a strain-age-hardening by 
stressing girder above the yield point with a 
heavy initial loading, followed by a rest period 
previous to final testing to destruction. 

4. Attempt to create higher reaction-type residual 
stresses through “shrinking” the tension flange 
by heating locally with a gas torch. 

5. Induce cracking by a shock or impact. 

6. Test a girder under a few repetitions of reversed 
loading. 

7. Introduce further improper or questionable fea- 
tures into the welding procedure and sequence 
or order of deposition, creating further restraint 
against shrinkage, if possible without causing 
cracking during construction. This might in- 
clude providing further restraint from jigs, 

fixtures and strong-backs during welding. 
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PART II—T-JOINT ““CRACK-STOPPER”’ TESTS 
Introduction 


A number of cracks in welded ship hulls have started 
inboard on upper decks (usually in the vicinity of square 
hatch corners or other deck openings) and have spread 
outboard to the gunwale and on into the sheer strake 
and down the side shell. Also, some cracks have started 
at “‘notch-effect” stress-raisers in the sheer strake, such 
as at an abrupt ending of a fashion plate, or at a sharp 
recess for an accommodation ladder, or at a serious de- 
fect in the bulwark rail or plate; and such cracks have 
likewise spread across the gunwale joint and have 
entered the deck plating or transversed it. Recog- 
nizing the possibility of such occurrences under existing 
wartime conditions, an expedient has been adopted, 
at least temporarily, to introduce ‘‘crack-stopper’’ de- 
tails to prevent the extensive spreading of such cracks. 

Up to this time the crack-stoppers introduced have 
been in the form of riveted joints such as angle bars at 
the gunwale to join the deck to the side shell. (See 
“Structural Reinforcement of Liberty Ships,’ THe 
WELDING JOURNAL, September 1944). The extra cost 
and time required for fitting riveted gunwale angles, 
reaming rivet holes, caulking edges, etc., together with 
the fact that this introduces a small amount of special 
operations of a different kind, have resulted in a desire 
on the part of some shipyards to investigate various 
welded gunwale-joint details that might be found to func- 
tion as crack-stoppers. Several details have been pro- 
posed by one of the shipyards for study and testing. 
The yard has agreed to furnish at least part of the 
specimens free of charge, together with adapter connec- 
tions that are necessary for use with the testing equip- 
ment, at the National Bureau of Standards. 

It should be understood clearly that these specimens 
are to be tested primarily to determine their efficacy as 
crack-arrestors. In other respects, their behavior is not 
considered by the committee as fully representative of 
that of a gunwale joint in a ship, because of lack of lateral 
constraint. The box-girder tests will, of course, more 
nearly simulate such constraint. However, the T-joint 
tests will involve quite a bit of local three-dimensional 
constraint. Ithas been suggested that additional con- 
straint might be provided in some specimens by fitting 
small plate brackets or stiffeners. Also, in these tests, 
the severity of various kinds of notch-effects can be 
studied, if desired. If this is done, one of the features 
proposed is to investigate the severity of an ordinary 
punched hole. 

It is possible that further tests of some of these T joints 
will be made, incorporating them in box-girders, perhaps 
using girders salvaged after they have been tested in 
Part I of the program. 


Types of Specimens 


Each specimen represents a proposed type of T joint 
for connecting the deck to the sheer strake of the side 
shell of a ship or some similar joint. (See Figs. 2 and 3.) 
The first specimen is to serve as a basis of comparison for 
the other specimens of various types which are to be 
tested later. This first basic specimen, Fig. 2, will in- 
volve a complete penetration butt-welded joint because 
experience indicates that cracks have a strong tendency 
to progress across such a joint. The load-deformation 
curves, types of fractures, etc., of all subsequently tested 
T-joint specimens of other types will be compared with 
the data taken from this first basic type specimen. An- 
other type of basic specimen might be developed later, 
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ff deemed advisable, by cutting a T-shape@ specimen 
from thie junction of the web and flange of a heavy steel 
am. 
moth r types of T joints to be tested are shown in Fig. 
3. The order of testing them will be definitized as the 
testing work progresses, but it has been decided by the 
committee that the next specimen to be tested after the 
basic specimen will be a joint similar to the first one, 
but with the intersecting plate joined to the through 
plate by means of two fillet welds (Type 1 of Fig. 3). 
Some of these fillet-welded T joints are to be made with 
chain intermittent welds and some with continuous 
welds. 

To induce cracking to start at the mid-length of the 
specimen and in whichever of the two elements (deck 
plate or sheer strake) that is chosen for each test, a notch- 
effect will be introduced in each of the T-joint specimens, 
probably in the element that is loaded in the test (when 
the load is applied to only one of the two elements). 
The notch preparation will likely involve the drilling of a 
round hole, which will reduce the cross section somewhat 
as a further means of assuring fracture at mid-length. 
A narrow saw-cut will likely be made from the round hole 
extending a short distance, transversely to the axis of 
the specimen, in toward the welded joint. Since the 


Shell — 


shape of the end of the saw-cut would be very influential, 
it has been proposed to standardize the notch by drilling 
a very small hole, of a diameter equal to or slightly 
greater than the width of the kerf, at the location for 
the end of the saw-cut prior to the making of the cut. 

The Taylor Model Basin has agreed to prepare the 
notches for the T-joint specimens. They are to be free 
to make any changes or adaptations that they deem 
necessary in the above-mentioned suggestions for the 
form of the standard notch to be used on the first series 
of T-joint specimens. Also, further subsequent series 
of tests, each one with a different type of notch, in- 
cluding specimens with ordinary punched holes, may 
be devised later if it is decided to use this general type 
of specimen for the investigation of the comparative 
severity of various kinds of notches. 

The specimens as shown in the illustrations have 
been made as large as possible, with regard for the ca- 
pacity of the testing machine which is available for this 
work at the National Bureau of Standards. The limita- 
tions of testing machine capacity preclude the use of 
built-up H sections in lieu of T sections, as suggested by 
several parties, without reducing the thickness of ma- 
terial, which was deemed inadvisable by the com- 
mittee, at least for the first series of specimens. 


Deck 


“cont weld 


Fig. 3—Test Specimen for Gunwale Connections 
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Method of Loading 


Each type of specimen is to be tested with three dif- 
ferent methods or points of application for the load. 
One of these arrangements is to apply the stress to the 
flange or through plate of the T only; another is to 
apply the load only to the stem of the T, and the third 
is to distribute the load over the entire cross section of 
the T. Details have been worked out with the National 
Bureau of Standards for an adapter piece to be used 
in the first test for distributing the load over the entire 
cross section, Fig. 2. If the results from the first test 


do not indicate that the desired distribution of stress 
has been accomplished, the details for grippin 
ing load to the specimen can be changed before gyi). 
sequent specimens are tested. 

Scribe line will be placed on the T specimens in the 


same general manner as described for the box-girder | 


specimens, and possibly a few strain gage reading 
also be taken during the tests. 

A suggestion has been made that some of the specimens 
tested later on be stress relieved. After the results 
of the first two or three tests are known, definite detais 
for the further tests will be worked out by the sub. 
committee. 
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UNIONMELT WELDING 


Linde’s Automatic 
Electric Process 


NIONMELT electric welding joins steel of any 
U commercially used thickness at speeds up to 
twenty times faster than similarly applicable 
methods. Because the process is automatic, it pro- 
duces uniform welds of unusually high-quality 
with minimum dependence on the manual skill of 
welding operators. 

The flexibility of UNtoNMELT welding has led 
to its application for a wide variety of work—for 
heavy and light material, for repetitive operations 
or single jobs, and for shape-welding as well as 
for straight-line and circumferential welding. 

Metal-fabricating shops of all kinds can profit 
by using the UNIONMELT process for either fabri- 
cation or repair work. If you are interested in 
learning more about this process, or in discussing 
its possibilities for any particular application, 
please write to us. 


BUY UNITED STATES WAR BONDS 


LINDE OXYGEN. 


TO AUTOMATIC ROO FEED 


WELDING ROO 


IDIFIEC 
GRANULATED SOLIDIFIED FUSED MELT 


INIONMELT™ 
PiaT 
“4 FUSED “UNIONMELT FINISHED WELD SURFACE 


PLATE METAL 
WELD METAL 


HOW IT WORKS 


1. A special granulated material known as UNIONMELT is 
laid down along the seam to be welded so that it covers the 
end of the welding rod. 

2. Heat, generated by passing an electric current through 
the UNIONMELT composition between the welding rod and the 
parts being welded, progressively melts some of the UNIONMELT 
so that it forms a protective blanket over the weld area. 

3. Underneath this molten UNIONMELT composition, metal 
from the rod and from the plate edges are fused to form 
the weld. 

4. The molten UNionMeELT cools and solidifies behind the 
welding zone and, on further cooling, contracts and detaches 
itself, 

The process of welding electrically beneath a min- 
eral melt by the method illustrated is patented. 


The Linde Air Products Company 


Unit of Union Carbide and Carbon Corporation 
UCC) 
General Office, 30 E. 42nd St., New York 17, N. Y. 
Offices in Other Principal Cities 
In Canada: Dominion Oxygen Company, Limited, Toronto 


.PREST-O-LITE ACETYLENE...UNION CARBIDE. 


OXWELD, PUROX, PREST-O-WELD, UNIONMELT APPARATUS 
OXWELD AND UNIONMELT SUPPLIES = 


The word *‘Unionmelt” is a registered trade-mark of The Linde Air Products Company 
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—Are YOU? 


Our fighting men still have a long way to go! But—your plant- 
wide selling of the 6th can do much to shorten their embattled 
miles—lessen the price they so willingly pay for victory! Join 
the coast to coast parade of patriotic firms that are assuring an 
“overboard” showing in the 6th by following through on 
every point in the 8-Point Plan. 


USE 8-POINT PLAN FOR 
AN OVERBOARD DRIVE 
IN THE 6th WAR LOAN! 


NOV. 20th TO DEC. 16th 


® Start the ball rolling by appointing a 6th War 
Loan Bond Committee, representing labor, man- 
agement and other groups. 


Carry on by selecting a Team Captain—prefer- 
ably a returned veteran-—-for every 10 workers. 


Right at the start, establish a Quota for each 
department—and every employee. 


lighting importance of their work — effective 
sales methods—and need for painstaking study 
of Treasury Booklet, Getting The Order. 


% Arrange frequent Meetings of Captains, high- 


Make definite Assignments to those best equip- 
ped to arrange music, speeches, rallies, com- 
petitive progress boards and meeting schedules. 


Issue Individual Pledge Cards—made out in the 
name of each worker and providing for both 
cash and installment purchase. 


Resolicit! This is the secret of “overboard” War 
Bond subscriptions. Your State Payroll Chairman 
has a special Resolicitation Plan for you to put 
into action near the end of the campaign. 


Give generously of your Advertising Space to 
drive home the War Bond story. 


The Treasury Department acknowledges with appreciation the publication of this message by 


AMERICAN WELDING SOCIETY 


This is an official U.S. Treasury advertisement—prepared under auspices of Treasury Department and War Advertising Council 


! 
| 
They're Going Overboard For Victor ?EL 
* 
\ | 
* 
1118 194. 


SMITHway 1 Electrodes in Ration on a 8-29 Boeing Super Fortress. 
Saving 206 important pounds per landing geor ot a time when it had to be done 
... stepping up design stress to over 100,000 Ibs. per squore inch. . . made 
possible with SMiTHway Certified Electrodes and SMiTHway welding technique 


RODUCTION puts its O.K. in a big way on 

SMITHway Certified Electrodes. Hundreds 
of millions of these “‘special analysis” electrodes 
— developed by and for the A. O. Smith Corpo- 
ration, largest manufacturer of welded steel prod- 
ucts — have welded hundreds of thousands of 
tons of the biggest, toughest steel jobs on record 
. + + proving they can produce more welds per 
man-hour at minimum cost. 


No other electrodes offer such outstanding 
performance- proof. No other electrode manufac- 


turer has such complete controls . . . including 
engineering research laboratory controls, plus 
complete quality-and-service controls of raw 
materials and processing . . . plus constant pro- 
duction-line inspection controls and mass- 
production analyses. 


These production-proved SMITHway Certi- 
fied Electrodes now are available also to you — 
immediately — from warehouse stocks in princi- 
pal industrial areas. Phone, wire, or write our 
nearest office. 


Mild Steel...High Tensile... and Stainless Steel 
WELDING ELECTRODES 


made by welders... for welders 


SMIiTHway A.C. Welding Machine saves 


power; eliminates arc blow, 


SMITHway Welding Monitor trains 
better welders faster. 


‘Canada—JOHN INGLIS LIMITED, 


mv 
les. 
the 
oth 
man 
put 
e to 
Mont 
wer 
SMITH 
Offices of: NEW YORK, PITTSBURGH, CHICAGO, TULSA, HOUSTON, DALLAS, LO3. ANGELES, SEATTLE 
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Short Brains” 


THE WELDING JOURNAL 


(captain Eddie Rickenbacker, 
urging American educators to 
bring their public school sys- 
tems into closer touch with the 
business world which the stu- 
dents must enter, pointed to 
Japan’s plight in having a 
small percentage of educated 
men. Said he: 


“They are running low 
on brain. power’’ 


He pointed out that the Japs 
find themselves in a position 
now where their new crop of 
fighters lack the training in 
thinking and doing which is 
needed in handling the engines 
of war. 


“This is an age of power,”’ he 
states, ‘machine power, man 
power, but it is also an age of 
brain power, because the prob- 
lems we are facing require an 
INTELLIGENT SOLUTION.” 
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UR research staff has deter- 

mined the exact welding 

qualities of every type of U-S-S 
Rolled Steels. 

This information has already 
helped welding engineers and de- 
signers throughout the country to 
speed up production of vitally 
needed material .. . from ships 
and tanks to gun mounts and 
airplanes. It has simplified the 
adoption of advanced welding 
techniques. It can help you, too 
. . . in solving present welding 
problems and in planning new 
products for peacetime use. We 
urge you to take advantage of it. 

Check the list of U-S-S Steels 
below for the kind of steel that 
will best meet your specific needs. 
Our technical staff will gladly ren- 
der any assistance you may re- 
quire in making a proper selection. 

This service is offered without 
obligation. Drop us a line today. 
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UrS*S ROLLED STEELS FOR WELDING 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 

United States Steel Export Company, New York 
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RDINARILY, with the severe abrasion en- 
countered in coal mining, worn cutter bits are 
frequently changed and resharpened. Further- 
more, as bits dull, coal production falls off and 
power consumption increases. But by hardfacing 
cutter bits with Stoody BOROD, many hundreds 
of productive man hours are saved, cutter bits 
are kept in operation without unnecessary shut- 
downs for replacements. 


Stoody BOROD, with a hardness comparable to dia- 
monds, is the ideal selection of the 12 Stoody alloys 
for hardfacing cutter bits. Its extreme hardness pro- 
vides maximum wear resistance and keeps cutting 
edges sharp as much as 8 times longer than unpro- 
tected bits—with resultant increases in coal output, 
lower power requirements, and with hundreds of extra 
productive hours gained. 
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Selecting the proper hard-facing alloy for 
any job must always be based on operating 
conditions, which vary infinitely between 
applications. Coal Cutter Bits, for example, 
must: 


WITHSTAND EXTREME ABRASION in coo! of all 


types. 


RETAIN SHARP CUTTING POINTS to maintain over- 


all cutting efficiency. 


Because of the small quantity of BOROD required to 
obtain maximum cutter protection, cost of the applica- 
tion is negligible. In practice only 8/1000 of an ounce 
of BOROD (at $5.50 per Ib., f.0.b. Whittier or distribu- 
tors’ warehouses) is required to tip one bit. One pound 
of BOROD easily tips more than 3000 bits and reduces 
hard metal cost to a fraction of a cent each! 


Stoody BOROD consists of small, cast tung- 
sten carbide particles in mild steel tubes of 
va’ and 3/16" rod diameters. Two styles are 
available: bare for oxy-acetylene applica- 
tion (recommended for cutter bit applica- 
tions), and coated for D.C. electric appli- 
cation. Like all other Stoody alloys, BOROD 
is sold through dealers in 600 principe! 
cities. Folder sent on request. —~ 


STOODY COMPANY 


1127 WEST SLAUSON AVENUE, WHITTIER, CALIFORNIA 
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the here is radiographing 
spot-welds on a primary aircraft 


OKA 


y=Vo age. x 


In light-alloy and steel sheet fabrication, low-voltage x-ray 
works in two-ways .. . it permits (a) setting-up close welding 
technique controls before production spot-welding is done, 
and (b) accurate inspection of welds after the operation. The 
low-voltage radiograph discloses conditions of stress and 
weakness far beyond ordinary static-shear tests . . . and 
does it non-destructively. 


The virtue of low-voltage x-ray lies in the higher radio- 
graphic contrast obtainable through minimum x-ray pene- 
tration. The special output characteristics required for such 
work are all embodied in this new Picker 5 KV to 50 KV Unit. 
It is rayproof, compact and self-contained. Several design 
innovations are incorporated, such as the removable tube 
shown in the photograph above. 


In short, the Picker 5 KV to 50 KV is an ideal apparatus for 
x-ray investigation and inspection of all low-density mate- 
rials — metals, plastics, fibres, plywood, textiles, to name a 
few. A Picker representative will be glad to discuss with you 
its amazing utility and many applications. 


sets the pace in X-ray 


PICKER X-RAY CORPORATION * NEW YORK, N. Y. 
WAITE M‘FG DIVISION * CLEVELAND, OHIO 
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THIS OLD DIE BLOCK, once broken and dis- 
carded, is back on the job, working full time 
on a hydraulic extrusion press at the Na- 
tional Lead Company plant in Cleveland, 
Ohio. 

Faced with a serious delay in obtaining a 
new block, this old-timer was brought out 
of retirement, its cast iron water jacket 
welded up the side with Anaconda 997 Low- 
Fuming Rod, and has been giving good-as- 
new performance in the production of ex- 
truded lead and lead alloy rod, wire and 
seamless tube for more than two months. 


_ RESTORES DISCARDED EXTRUSION DIE BLOCK 


This salvage operation is only typical of the 
priceless emergency service rendered by such 
concerns as the Neal Welding Company of 
Cleveland, using Anaconda 997 and Tobin 
Bronze* for first aid in America’s vital war 
production centers. Think of bronze weld- 
ing before you think of scrapping any dam- 


aged machine part. 44s: 
*Reg. U. S. Pat. Off. 


THE AMERICAN BRASS COMPANY 
Subsidiary of Anaconda Copper Mining Company 


General Offices: Waterbury 88, Connecticut 
In Canada: Anaconda American Brass Ltd., New Toronto, Ont. 
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FOR HIGHEST QUALITY WELDIN 3 
VERTICAL anv OVERHEAD 
YOU CAN'T BEAT THESE 
G-E ELECTRODES 


Copyright, 1944 
Generai Electric Company 


OU can’t afford to compromise when choos- 

ing electrodes for first-class welding in the 
vertical or overhead position, because that kind 
of welding calls for the best in both technique 
and electrodes. That’s why operators prefer 
these two G-E electrodes--they find them 
mighty. helpful in meeting specifications. 
W-26 electrode is recommended for use with a-c; 
easily meets all the requirements of A.W.S. Class 
E6011. It is approved by regulating bodies for 
both E6011 and E6010. (Therefore it can also 
be used for d-c.) 
W-22 electrode is recommended exclusively for 
use with d-c. It meets all the requirements of 


A.W.S. Class E6010, and is approved accordingly. 


W-22 for d-< 


Both electrodes produce weld metal which 
has the highest mechanical properties. And both 
are easy to use. They provide a forceful, digging 
type of arc which gives deep penetration, excel- 
lent fusion, and a strong, ductile deposit in all 
positions. Slag is light and easy to remove. 
Fillet welds have good appearance ard a rela- 
tively flat profile. 

If you are not one of the thousands already 
using these production proved electrodes, it 
will pay you to ask your G-E arc-welding dis- 
tributor for samples to test in your own shop. 
He will also be glad to furnish samples and 
information about other G-E electrodes. Or, 
write to General Electric, Schenectady 5, N. Y. 
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tac appearance of welds 

. in the vertical position 
= both the W-26 and the 
electrode is unusually 
Both these electrodes can 
be used in the overhead, 
zontal, and flat positions 
wit equally good results. 


@ Excellent penetration, good 
fusion, and flat contour are 


easily obtained with both W-26 
ond W-22 electrodes. These ; fo 
etched cross sections of welds i 


made in the vertical position = 
typical of results obtained with 
these electrodes. 


Hundreds of Landing Barges have been fabricated with Genero! 
ond W.26 electrodes ot the Trageser Copper Works, 


ANOTHER User Tells Why He Prefers A-c Welding 


“Our Operators prefer a-C u elders because, 


have to worry about are blou 
and in eve 


Electric a-¢ welders 
Maspeth, L. L, N.Y 


with a-c, they don't 


they can weld in e e 


a good strong 


Gene? al Elect, ic 


position 
ry location and ge 


Joint every time. 
What's more, our 


ARC WELDING 


a-C Uu elders have been Oper- 
ating 20 hours q day, six days a wee. for more than lwo 
ly R 0 p ES years, and not one has ever required maintenance.”’ 
it TRAGESER COPPER Works 
s- 
p. a nd 1 That statement is typical of comments ma je by virtually every manufacturer who “ieee 
id has changed from d-« to Genera] Electric a-c welders For full letails on how a-c 
Q ‘ "4 M N T welding can help you improve weld quality, increase Production, and reduce costs 
Y. © ask for Bulletin GEA-408] Simply contact your G-E arc-wel ling distributor or eg 
write to General Electr Company. S henectady 5. N Y : 
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More Simple * More Dependable « More Efficient 


The 250 KV X-ray Inspection Unit 


Here’s an important new industrial X-ray unit 
that has plenty of power and penetration to cover 
the widest range of inspection requirements— 
yet it is the easiest-to-operate X-ray apparatus 
produced today. Whatever can be done automatic- 
ally 7s done automatically—the element of human 
error has been eliminated to the greatest possible 
extent. The machine does more—the operator does 
less—and you get better results. 


A self-contained tubehead, with built-in oil 
cooler, eliminates separate transformers. 

Stepless push-button control provides infinite 
kilovoltage selection. 

Power is instantly and automatically shut off 
at maximum tube rating. 

Pilot lights indicate—not only when there is 
trouble but shows where the trouble is. 

Automatic safeguard permits radiation of X-rays 
only when cooling water is flowing. 


PIONEER CREATORS OF 


QUALITY X-RAY 


SINCE 1900 


THE WELDING JOURNAL 


KELLEY-KOETT MFG. COMPANY 


Line compensator is adjustable while unit is in 
operation. 

Constant milliamperage provided by inductive 
filament regulators and filament compensating 
transformers. 

This 250 KV unit can be built into one of 
KELEKET’S radiographic production cabinets, 
can be furnished on hand truck, or mounted on 
either stationary or mobile jib crane. 

These and many other individual features make 
the 250 KV machine the easiest, smoothest-run- 
ning inspection unit available to Industry today. 
No other industrial X-ray unit will accomplish 
as much for you with the simplicity, dependability 
and efficiency that KELEKET’S 250 offers. Get all 
details from your KELEKET representative, or 
write us direct. 


21812 WEST FOURTH ST., COVINGTON, KY. 
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Here is an additional heating nozzle for all Standard Victor a 
Welding Torch models of the “300” series. An outer air : sh 
mantle protects the tip against deflected heat. Internal con- | 
struction and path of gases adds to cooling effect. These 
multi-flame heating nozzles are also made in various sizes : 

to utilize oxy-acetylene. Efficient multi-flame heating noz- 

zles add tremendously to the value of a good welding torch. 
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Monel is extensively used for lining heat exchanger 
shelis, This steel shell is lined with .078” Monel 
sheet, arc welded with No. 130X Monel electrode. 
Photo courtesy of The Lummus Company. 


Both plug welding and strip welding are employed 
for lining fractionating and other steel process 
equipment with Monel sheet or strip. No. 130X 
Monel electrodes are used. Photo courtesy of 
Wyatt Metal & Boiler Works. 


No. 130X Monel electrodes are also used for 
welding Monel Clad steel as in this fractionating 
tower which is six feet in diameter and 43\% feet 
in length. The top 151%’ section is Monel Clad 
Steel 22/32” thick with 44” of Monel cladding. 
Manways and covers are lined with 44” Monel 
sheet by plug welding. Photo courtesy of Edge 
Moor Iron Works, lac. 
* * 


The elbows below were readily fabricated from 
Monel sheet and then arc welded with No. 130X 
Monel electrodes, Photo courtesy of Farwell, 
Osmun, Kirk & Co, 


... well done! 


A typical Monel arc weld made with No. 130X Monel electrode. 


Electric arc welding with Monel offers several important 
advantages. 


Monel is easily fabricated by methods similar to those 
used in making quality welds in steel. It may be welded in 
all positions with the same facility. 


Monel’s coefficient of expansion is the same as that of 
steel. This permits steel and Monel to be used on the 
same job. 

Welds are sound and ductile. In addition, they are as 
strong and as highly resistant to corrosion as the parent 
metal. No thermal or chemical after treatment is needed to 
restore the corrosion-resistant qualities of the welded joints. 

As indicated in the photographs, No. 130X Monel Arc 
Welding Electrodes are employed for welding all forms 
of wrought and cast Monel to Monel, or Monel to steel. 

Engineering data, working instructions, and helpful in- 
formation on welding procedures are contained in Bulletin 
T-2, Welding, Brazing and Soft Soldering of Monel, Nickel 
and Inconel. A copy of this well-illustrated, 32-page bulle- 
tin will be sent on request. 


THE INTERNATIONAL NICKEL COMPANY, INC. + 67 WALL STREET, NEW YORK 5, N.Y. 


No. 130X Monel ELECTRODES 


Large diameter piping may be made 
either of Lukens Monel Clad steel or 
of steel lined with Monel sheet as in 
the Y reducers shown at the left. In 
either case, No. 130X Monel elec- 
trodes are used. Photo courtesy of 
Robinson Engineering Company, 


* * * 


The steel bole circles of these 
manways are overlaid with 
Monel by a 2-layer weld of 
No. 130X Monel electrode, 
Photo courtesy of Edge Moor 
Iron Works, Inc. 
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Service Engineers in a leading shipyard 
put the finger on the ‘down time” of their 
own and rented welding machines by in- 
stalling -hp- Arc-O-Mat — the Automatic 
Welding Machine Starter with arc time 
totalizer. 

Because machines don’t run during idle 
time, they can be regularly serviced on an 
arc time or ‘work time” basis, lowering 
the maintenance cost and substantially 
reducing the “down time.” 

If, during an eight-hour shift, the arc 
time totalizer shows a gain of three hours, 
it simply means that an actual welding arc 
was in progress for a total period of only 
three hours in the eight-hour shift. 

The -Ap- Arc-O-Mat will operate with 
any standard welding machine. This auto- 
matic control stops the generator after a 
short period of no welding and turns it 
on again when the welder touches the rod 
to the work. Arc time is counted by a syn- 
chronous totalizer which does not oper- 
ate when the rod is shorted to the work. 
Only actual arc time is recorded. 

In your postwar plans for plant con- 
version or new construction Arc-O- Mat 
can continue to save you many times its 
cost. Write today for ‘Waste Power Re- 
port’ compiled under actual working con- 


ditions... apply the outlined savings to 
your own plant. There is, of course, no 
cost or obligation. 


HEWLETT-PACKARD COMPANY 


INDUSTRIAL DIVISION 
Box 966F - Station A « Palo Alto, California 
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STANDARDS EXCELLENCE 


In Resistance Welding Equipment 


Resistance Welder Manufacturer's 
Association, an organization composed of 
manufacturers of Resistance Welding 
Equipment, has made available a new 


booklet on Resistance Welding Equipment 


Included are suggested electrodes for 
use in spot welding similar and dissimilar 
metals. These recommendations are based 
on the latest development in electrode 


metallurgy and will prove decidedly useful 


Standards. 


ACME ELECTRIC WELDER COMPANY 
2618 Fruitland Road, Los Angeles 11, Calif. 


EISLER ENGINEERING COMPANY 
740-770 S. Thirteenth St., Newark, N.J. 


EXPERT WELDING MACHINE COMPANY 
17144 Mt. Elliott Avenue, Detroit, Michigan 


THE FEDERAL MACHINE & WELDER COMPANY 
212 Dana St. N. E., Warren, Ohio. 


MULTI-HYDROMATIC WELDING & MFG. CO. 
9640 Grinnell Ave., Detroit, Mich. 


NATIONAL ELECTRIC WELDING MACHINES CO. 
1846-60 N. Trumbull St., Bay City, Mich. 


1228 


This publication marks a major advance- 
ment in the field of Resistance Welding and 
now makes possible standardization of the 
nomenclature, definitions and quality of 
Resistance Welding Equipment. 

The rapid strides in Resistance Welding 
made during the war emergency has made 
the acceptance of common terms and speci- 
fications advisable and this booklet of 


standards now supplies this long felt need. 


as a guide to efficient electrode selection. 


RESISTANCE WELDER 
MANUFACTURERS’ ASSOCIATION the 


505 ARCH STREET, PHILADELPHIA 6, PA. nO 


PROGRESSIVE WELDER COMPANY 
3050 E. Outer Drive, Detroit 12, Mich. 


SCIAKY BROTHERS 
4915 West 67th St., Chicago 38, Ill. 


SWIFT ELECTRIC WELDER COMPANY 
6560 Epworth Boulevard, Detrsit 10, Mich. 


TAYLOR-HALL WELDING CORPORATION 
Worcegter 3, Mass. 


THE TAYLOR-WINFIELD CORPORATION 
2857 E. Grand Boulevard, Detroit, Mich. 


THOMSON-GIBB ELECTRIC WELDING CO. 


161 Pleasant Street, Lynn, Mass. 
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Standardization of Resistance Welder 
ratings will be welcomed by the user of 
this equipment, and the defining of terms 
will expedite ordering of parts. 

WRITE FOR THIS BOOKLET TODAY. 
It will aid you in explaining your Resistance 
Welding problems to the Resistance 
Welder Manufacturers’ Association or any 
of its members. It will also help you to 


know your equipment better. 


ASSOCIATION SR MBERS Here 


WELDING MACHINES MANUFACTURING CO. fabric 
17325 Lamont St., Detroit, Mich. OTigit 
ex pr »s 
MEMBERS OF THE minus 
ALLOY GROUP tility, 
ELECTROLOY COMPANY, INC. succe 
1600 Seaview Ave., Bridgeport, Conn. 
weld 
P. R. MALLORY & COMPANY, INC. 
Indianapolis, Ind. 
S-M-S CORPORATION With 
1165 Harper Ave., Detroit 11, Mich. Trod 
WELDING SALES & ENGINEERING COMPANY 
8750 Grinnell Ave., Detroit, Mich. N 
Os 
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There is no metal weakness... 
no failures at critical moments 
costly delays 


mt §=B Here is another successful application of Ampco-Trode, to complete the 
fabrication of a corrosion-resistant unit. In this particular case, and in the 
original construction of many other types of equipment where metal is 
exposed to corrosion, wear, shock, or fatigue, Ampco-Trode coated alu- 
minum bronze electrodes deposit weld metal comparable in strength, duc- 
tility, and hardness with the various grades of cast Ampco Metal — and 
successfully weld almost any combination of dissimilar metals, giving a 
weld with excellent physical properties. 


Five grades of Ampco-Trode are available to meet your specific needs. 
With tensile strength up to 80,000 psi and hardness to 352 Brinell, Ampco- 
Trode is recognized as ideal for such purposes as illustrated above. 

Nation-wide distribution enables you to secure Ampco-Trode quickly. 


- Consult with your supplier or write us for information. 
738 


e@ This sub-assembly on a con- 
denser pump for converting sea 
water into fresh water is made 
of Ampco 15 sheet, flanges of 
Ampcoloy A-3, stuffing box tube 
of A-3 extruded rod and hollow 
bar, and ¥; coupling drain and 
gauge location of A-3 extruded 
stock . .. all welded with 
Ampco-Trode 10 Weld Rod. 
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The Metal without an Equal 
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Saves time, material, labor, and 
cuts costs by welding dissimilar 
metals with ease... 


When an order involving 48 crane wheels with an 
extended hub was received, investigation proved 
that it would take months to have these special 
wheels cast. By welding a 6” steel hub to standard 
crane wheels, requested delivery schedules were met. 


This is just another example of how you can save 
considerable time and give service by applying this 
modern fabricating method to your product. Five 
grades of Ampco-Trode coated aluminum bronze 
welding electrodes give you practically any desired 
combination of strength, ductility, and hardness — 
for production parts or repairs and maintenance. 
Investigate! 


Ampco-Trode is a product of 


Ampco Metal, inc. 


1040 Steel Hub weided jp 
60-80c Crane Whee! with 
AMPCO-TRODE 


The wheel was pre-heated y, 
500° F. and the first pass de 
posited with 5/32” Ampco 
Trode 10 at about 175 amps 
The following two layers wer 
deposited with 3/16” Grade 19 
at approximately 225 amps 


Valuable Engineering 
Data . . . FREE 


Ampco-Trode 10 bulletin — 

Engineering Data Sheet No. 107 
on repairs of brass and bronze 
castings — Ampco-Trode Cata- 
log 50. Send today for your 
copies. Consult your Electrode 
Supplier or write: 


Ampco Metal, Inc. 
Dept. WW-912 Milwaukee 4, Wis. 


Ampco Field Offices in Principal Cities 
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BEFORE YOU ORDER 
WELDING ELECTRODES 


Westinghouse is pleased to announce greatly improved deliveries 
on electrodes ... immediate stock shipment on most types. 

Among those immediately available is the new ACP electrode which 
is definitely superior for all-position a-c or d-c reverse-polarity work. 
While this electrode has been in production and use for considerable 
time, its announcement to the trade has been withheld pending the 

building up of present substantial stocks. (See current trade papers 
for formal announcement.) 

Also available for shipment now is the famous DH electrode 
for high-speed, horizontal fillet and flat welds where high quality 
is essential. Likewise ready for quick delivery are standard AP (d-c) 
and FP (a-c or d-c) electrodes. 

Wire or phone your nearest Westinghouse office for complete details 
and definite shipping data. Westinghouse Electric & Manufacturing 

Company, P. O. Box 868, Pittsburgh 30, Pennsylvania. J-90536 


WESTINGHOUSE PRESENTS—JOHN CHARLES THOM AS—SUN, 2:30 F.W. T., N. B. C—“TOP OF THE EVENING 
MON. WED, FRI, 10:15 FW. BLUFF NETWORK 


Westinghouse 


PLANTS IN 25 CITIES. OFFICES EVERYWHERE 


WELDERS ELECTRODES AND ACCESSORIES 
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STYLE 9802 


MEDIUM WEIGHT 
HEATING TORCH 


aud 


STYLE 724 


MULTI-FLAME 


TIPS 


Ideal Combinatiou FOR LOCALIZED HEATING 


for BENDING, STRAIGHTENING and SHRINKING 


Wherever concentrate* iocalizea heating is re- 
quired. for bending, straightening and shrinking steel 
plate and for silver brazing heavy copper plate in 
the manufacture of pipe, you can select no better 
equipment for the job than the Airco Style 9802 
Medium Weight Heating Torch with the proper size 
of Airco Style 724 Multi-flame Tip. 


The torch is comparatively light in weight, easily 
handled and gives full freedom to the operator, yet 
it has large passages through the valves, tubes and 
head to afford ample gas capacity. 


Four extensions have been provided: one12” straight 
extension and 18”, 24” and 42” angular extensions. 


Airco Style 724 Multi-flame Oxyacetylene Tips are 
available in a complete range of five sizes to meet 
the requirements of every heavy heating job. Style 
717 and Style 718 Multi-flame Propane Tips are also 
availiable for use with the Style 9802 Torch. 


An Airco representative will be pleased to demon- 
strate this ideal heating combination on your work, 


Ask your nearest Airco office. 


* BUY UNITED STATES WAR BONDS * 


General Offices: 60 East 42nd Street, New York 17, N.Y. 
In Texas: Magnolia Airco GasProductsCo. General Offices: Houston 1, Texas | 
Offices in all Principal Cities 


SIZE 11 


STYLE 724 MULTI-FLAME HEATING TIPS=ILLUSTRATIONS ARE FULL SIZE 


SIZE 12 SIZE 13 


SIZE 14 SIZE 15 | 
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